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... to Boost Yield Per Man 


You could take a slide rule and compute the stresses in gears, 
shafts and bearings of the Model “LA” Case tractor. You would 
find them loaded for long life. You could check thousands of parts 
for analysis, grain structure and hardness. You would find consistent 
quality. You could look into the fine points of cooling, lubrication, 
dirt protection and see reasons for the enduring stamina of the “LA.” 


Or you could simply look at the records of Case “L” tractors, nearly 
twenty years old and still doing the same work as when new. With 
the advancements built into the “LA” you can look for still greater 
ENDURANCE, still lower upkeep, as well as more conveniet.ce and 
capacity. 

Case ENDURANCE does more than hold down investment charge 
and annual upkeep. It minimizes the risk of time-loss and crop-loss, 
makes more of every man-hour and machine-hour. Coupled with the 
full range of practical field speeds and 4 to 5-plow pull of the “LA,” 
it serves a major end of agricultural engineering —to multiply the 
yield per man. J. I. CASE CO., Racine, Wis. 
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Soil Conservation Research 


HE round-table discussion during the Winter Meeting of 
a American Society of Agricultural Engineers at Chicago 
in December, on the effects of soil conservation practices on 
water runoff from agricultural land, brought up an important 
point. Every member of the A.S.A.E. and of any similar pro- 
fessional group will agree that engineers and other technicians 
must have basic information to perform properly their func- 
tion. Research in the field of soil and water conservation and 
water flow retardation has from its very inception been handi- 
capped by inadequate funds. 

The soil conservation program which began on an unpre- 
cedented scale in 1934 was preceded by only two or three 
vears of preliminary research, much of which constituted 
demonstrations designed to make the public aware of the 
erosion menace. By 1936 when the first appropriation for 
research in the Soil Conservation Service was made, the ac- 
tion program was greatly expanded and the flood control pro- 
gram was added. It naturally took some time to evolve a 
stisfactory research organization and to train the highly 
technical personnel needed for this work. Meanwhile the ac- 
tion program continued to expand and the problems for which 
immediate solutions were required multiplied rapidly. As a 
consequence, much of the research facilities and efforts were 
and still are directed to the quick solution of practical and 
more or less local problems. ee 

The constant pressure for information coupled with inade- 
quate funds made it impossible to completely analyze and 
publish the results. Neither was it possible to obtain sufficient 
information of a fundamental nature and of universal value. 
The need for fundamental research became evident with con- 
tinued expansion of the action programs in soil conservation, 
drainage, irrigation, reclamation, and flood control. Without 
knowledge of basic principles, results obtained in one location 
cannot be applied to another. ; ; 

The leaders in conservation and in agricultural engineer- 
ing expected, and justly so, that, with the value of a sound 
research approach to critical problems so well demonstrated 
by the war, ample facilities would be made available to meet 
the immediate growing needs of the action programs tq ob- 
tain the necessary fundamental knowledge. The reduction of 
funds for the 1948 fiscal year was therefore a severe blow to 
all who believe that action programs must be based on results 
of properly conducted research. 

Agricultural engineers have always fully supported the 
maximum effort in combating erosion, floods, and the misuse 
of the land. They have also advocated expansion of agricul- 
tural production through drainage and irrigation. This they 
did as citizens “qualified to judge such matters.” As responsi- 
ble members of the profession they cannot remain complacent 
when they are denied the opportunity of constantly improving 
and adding to the basic information necessary to perform 
these difficult tasks. Agricultural engineers and others who, 
day in and day out, must design conservation structures, de- 
velop practices, plan drainage and irrigation projects, estimate 
effects of conservation practices on floods, and plan measures 
for erosion prevention and runoff and waterflow retardation, 
cannot agree that a reduction in conservation research can be 
effected without ultimate serious harm to the cause of soil 
conservation and proper land use. 

It seems unrealistic and unwise to curtail research while 
action programs continue to expand. The number of unsolved 
problems and their complexity increase with the increase of 
the scope of the action programs. Facilities for research must 
be scaled to the need for information and must be timed to 
the expenditufes for action programs. 

The research division of the U.S. Soil Conservation Service 
is the only federal agency directly authorized to conduct re- 
search which must support not only the action program of the 
Soil Conservation Service, but also the far more extensive pro- 
gtams of the U.S. Production and Marketing Administration 


and of the U.S. Bureau of Reclamation. Funds now available for 
SCS research largely support the agricultural hydrologic re- 
search being conducted in the various state agricultural experi- 
ment stations. The present appropriation for SCS research is but 
a fraction of 1 per cent of the total federal appropriations for 
these action programs. The conservation payments on farm 
ponds for 1936-1945 amounted to slightly over 82 million 
dollars (546,814,317 cubic yards at 15 cents). Yet not a 
single dollar was made available prior or even during this 
period for research on the many difficult technical problems 
involved in a nation-wide pond-building program. The dis- 
proportionate number of u: satisfactory ponds attests to the 
urgent need for such research. 

Tt is such facts as these together with those brought out 
in the report from the Committee on Agricultural Hydrology 
that cause us to view with alarm the trend indicated by the 
recent reduction in funds available for conservation research. 
Already this action resulted in serious damage. Without ade- 
quate support, engineers, scientists, and technicians whose 
training took several years and large amounts of public funds 
will leave this field of research to accept employment in other 
fields where their highly specialized training and experience 
can seldom be fully utilized. 

Eprror’s Note: The contributions to the round-table discussion re- 


ferred to in the opening paragraph will appear in AGRICULTURAL EN- 
GINEERING for March. 


New Model Cows 


ECENTLY we have noted reference by some dairymen 

and farm managers to “annual models” and “cow-power” 
ratings, with indications that they are thinking in quantitative 
terms on biological efficiency or output per unit of investment, 
feed, and operating cost. They promise new model cows with 
increased over-all efficiency. 

This suggests that engineering habits of quantitative thought, 
and the engineering viewpoint on farm production operations 
are penetrating the consciousness of agricultural people to a 
greater extent than we may realize. It was bound to happen. 
They like the results of engineering in their farm buildings 
and equipment. They like its influence on their capacity to 
accomplish work and get results. They are beginning to appre- 
ciate the extent to which their own low-cost, quantity-produc- 
tion problems involve engineering management and operating 
principles, as well as engineered structures and equipment. 

It is going to be easier in the future for engineers, agricul- 
tural scientists, and farmers to understand each other. They 
will all be using some of the engineers’ lingo. In some ways 
this will ease the work of the agricultural engineer. But he 
will have to be more sure of his engineering than ever to sat- 
isfy and hold the confidence of the farmer who is well in- 
formed on possibilities and actual results in engineering per- 
formance; the farmer who wants an engineered unit to fit into 
an engineered farm production setup. 


Quantitative Measures of Hay Quality 


oo is good hay? A number of engineers concerned 
with improving methods and equipment for handling 
hay are getting quite impatient for a more explicit definition 
than is now available. It appears that it will only be obtained 
by close cooperation with animal nutrition specialists and by 
letting them know quite specifically what is wanted. 

By way of review, the engineering requirement for evaiua- 
tion of hay might be summarized about as follows: 

A definition in general terms, based on a sensitive sixth 
sense of the livestock feeder, is not enough. What is needed 
is a definition based on measured reactions of various types 
and breeds of animals to specific physical and chemical char- 
acteristics found in various combinations in hay from various 
source plants, soils, stages of cutting, methods and conditions 
of harvesting, and conditions and duration of storage. 

(Continued on page 78) 
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Types and Performance of Farm Grain Driers 
By W. V. Hukill 


MEMBER A.S.A.E. 


like to review some of the factors and limitations that 

apply to grain driers in general. Practically all types of 
grain driers that have been used for farm drying use air to 
carry off evaporated moisture. Since air is necessary to carry 
off the moisture, the amount of heat which it carries off may 
be an important factor. In evaporating moisture from grain 
it is necessary to supply the heat required for evaporation. 
Evaporation from a free water surface requires in the neigh- 
borhood of 1000 Btu per pound of water evaporated. The 
exact amount of heat necessary depends upon the temperature 
at which evaporation takes place. When the water is evapo- 
rated from grain instead of from a free water surface, even 
mote heat is necessary. In any case, the amount of moisture 
evaporated from the grain is proportional to the amount of 
heat delivered to it. In all cases where artificial heat is sup- 
plied, the percentage of heat supplied that is used for evapora- 
tion is an important factor in the efficiency of the drying proc- 
ess. When the exhaust air leaves the drier warmer than the 
atmosphere, the utilization of the heat for drying is less than 
100 per cent. This is usually the case when artificial heat is used. 


In any type of drier the character of the grain being dried 
sets certain limitations to the performance of the drier. Small 
seeds which give off moisture readily can be dried more quickly 
than the large ones. This does not mean that they use less 
heat in drying, but that they are capable of absorbing heat and 
using it for evaporation more rapidly. The moisture in ear 
corn must travel a considerable distance within the ear before 
it can escape to the air and, therefore, drying is essentially 
slower with ear corn than with small grains. The higher the 
temperature, the more readily the moisture leaves the grain. 
At any temperature there is a minimum period of exposure 
that is required to effect a given reduction in moisture content. 
The moisture cannot be driven from the grain at a faster rate 
unless the temperature is raised. For this reason, the maxi- 
mum capacity of a drier can be increased by operating at 
higher temperatures. The maximum temperature that may be 
used without injury to the grain depends upon the kind of 
gtain and the use that is to be made of it. In general, for any 
grain that is to be used as seed or if subsequent germination is 
important, more or less definite temperature limitations have 
been established. Tem- 
peratures above about 
110F are usually consid- 
ered to be unsafe for dry- 
ing grain to be used as 
seed. There is little in- 
formation available on 
the temperature limit for 
grain that is to be used 


Bie attempting to classify driers by types, I would 
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The All-Crop mechanical drier for corn and small grains 


for feed. It is known that livestock will eat grain dried at 
much higher temperatures, and it is common for commercial 
drying plants to operate at 200F or above. Wet millers of 
corn have found that corn dried at temperatures above 120 to 
130F is difficult to mill. Wheat millers object to wheat dried 
at high temperatures and describe the effect of such drying as 
“case hardening” of the wheat berry. 

Operators of rice driers have observed that if drying is 
permitted to take place too rapidly the rice grain will be 
checked. Such checked grains will be broken during the mill- 
ing process. Consequently in drying rice the driers are some- 
times operated so that only one or two per cent of moisture 
reduction is accomplished in one drying operation. Since it 
usually is necessary to take out more moisture, the rice com- 
monly is put through the drier again two or three times with 
a tempering period between runs through the drier. 


Farm grain driers can be classified as natural or mechan- 
ical. Natural driers include ventilated bins and corn cribs 
which depend for their performance on contact with atmos- 
pheric air having a relatively low humidity. The wind is de- 
pended upon to pass the air through the grain. For shelled 
corn or small grains, ventilated bins depending upon the wind 
for air movement are effective only in dry weather and are 
used only in relatively dry climates. Corn cribs, which may 
be classed as natural driers, are effective in moderately dry 
climates. Corn is harvested in the fall, and since fall and 
winter temperatures are low, a period of several months may 
be permitted for getting the grain down to a low moisture 
content. When corn is picked with excessively high moisture 
or in regions where winter temperatures do not go low enough 
to stop insect and mold activity, natural drying in a corn crib 
may not be adequate for preserving the corn. 

Mechanical driers, using forced ventilation with unheated 
air, usually consist of a motor and fan attacked to a storage 
building in such a way that natural drying can be speeded up 
during periods of favorable temperature and humidity. By 
selecting the periods of operation, ear corn or shelled corn or 
small grains can be dried effectively by circulation of atmos- 
pheric air. However, such driers are limited in their perform- 
ance by depending upon atmospheric temperature and humid- 
ity. If rapid drying is desired, ventilation with unheated air 
may not remove moisture 
quickly enough. How- 
ever, with ear corn par- 
ticularly, the equipment 
may be operated to ad- 
vantage during periods of 
high humidity even 
though no drying may be 
accomplished. When the 
temperature and humid- 
ity are high and there is 
danger of heating, move- 
ment of air through the 
corn will keep it cool even 
though little, if any, dry- 
ing is done. 

Grain driers using 
forced circulation of air 
: and artificial heat are 
gigas. coming into more general 
farm use. Forced, heated 
air may be applied for 
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drying in several different ways. Perhaps the most common is 
the batch drier in which dry air is forced through the grain 
and exhausted directly to the atmosphere after a single passage 
through the grain. For small grains, other processes, are some- 
times used. In commercial driers and some farm driers the 
grain flows continuously through the drier. In the continuous 
drier, damp grain is fed into the drier in a continuous stream 
and removed continuously after drying. To take full advan- 
tage of the process of continuous drying, it is desirable to 
have the grain flowing in the direction opposite to the flow of 
air; that is, the dry air comes in contact with grain almost 
ready to leave and passes through successively wetter layers, 
leaving the drier at the point where the wet grain enters. For 
ear corn, continuous driers have not been used because of the 
difficulty of getting ear corn to flow. 

A semicontinuous process has been used in seed corn dry- 
ing plants for ear corn. In this case, batches of ear corn are 
put into different compartments of the drier and the air travels 
from one compartment to another, passing through two to 
four batches of corn before leaving. This has some of the 
advantages of the continuous-flow process, although the corn 
is handled into and out of the drier in batches. 

A modification of the simple batch process is to have all 
of the grain in a single compartment and pass the drying air 
through the grain in one direction, say, from bottom to top, 
for a certain period and then reverse the direction of air flow 
by making it move from top to bottom for completing the 
drying. This process is not used very generally, and I have 
little information on its effectiveness as compared with the 
simpler one-way drier. 


MOST COMMON TYPE DRIER HAS LIMITATIONS 


The most common type of drier, the one in which air is 
passed in one direction through a batch of corn until drying 
is completed, has some basic limitations. In such a drier the 
grain near the air inlet dries more quickly than that near the 
outlet. Also, during the latter part of the drying period, some 
of the air must leave the drier in an unsaturated condition, 
thus failing to utilize part of the available heat. This may 
occur throughout the drying period, or it may occur only dur- 
ing the later stages. These two limitations, non-uniformity of 
drying and failure to use all of the available heat, are char- 
acteristic of this type of drier. 

The drying may be made to proceed more nearly uniformly 
throughout the mass of grain by increasing rate of air move- 
ment, but this is done at the expense of further reduction in 
heat utilization. The efficiency of heat utilization may be in- 
creased by reducing the rate of air movement, but this, of 
course, increases the variation of drying in different parts of 
the grain. It is characteristic of this type of drier that under 
most conditions of use uniformity of drying can be improved 
only by sacrificing efficiency in the use of heat or increasing 
the drying time. 

Obviously, in actual operation there must be a compromise 
between uniform final moisture content and economy in fuel 
supply. In some cases, particularly when only a small amount 
of moisture needs to be removed, the cost of fuel may be less 
important than uniform drying, in which case it will be de- 
sirable to use the relatively large amount of air and get more 
nearly uniform drying at the expense of greater fuel consump- 
tion. In the case of ear corn drying, particularly when the 
initial moisture content may be 30 per cent or more, the 
amount of fuel required for evaporating the corn moisture is 
so large that it may be desirable to sacrifice some uniformity 
‘in final moisture content in the interest of saving fuel. This is 
particularly true if the dried corn is to be left in the crib for 
several months after drying, in which case the corn moistures 
will tend to equalize, the very dry corn absorbing moisture from 
the atmosphere and the wettest corn probably drying some. 

In ear corn driers of this type there is always a question of 
the most satisfactory temperature for drying air. In general, 
particularly if corn is very moist, it can be dried most econom- 
ically of fuel and power at the higher temperatures. However, 
the use of high-temperature air for drying will in some cases 
cause mold or other damage in the corn that dries last. This will 
happen if the total amount of moisture to be removed from 
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all the grain in the bin is large, relative to the rate of heat 
supply, that is, if it takes a long time to complete drying. 
Such damage will not occur if fuel is used fast enough to 
complete the drying in a few days. At lower temperatures the 
dried corn will tend to be of more uniform moisture content. 

Since the drying rate of ear corn or the rate at which mois- 
ture can escape to the air increases rapidly with higher ten- 
peratures, it is usually uneconomical to dry with artificial heat 
and use very low drying temperatures. No definite tempe:a- 
ture limit can be set below which artificial heating is uneco- 
nomical, but if the heated air is at a temperature less than 
50 or 6OF, the heat from the fuel will usually not be used to 
very good advantage. Furthermore, at such low temperatures 
it will take a long time to get the corn dried. 

There may be some conditions under which drying periods 
of three to four weeks may not be objectionable, but in the 
usual case drying within four to six days, or less, is much 
more satisfactory. The upper limit of temperature that can 
be tolerated depends upon the use to be made of the grain. 
Obviously, if it is to be used for seed, drying temperatures 


should be limited to not more than 110F. Corn that is to be | 


used for wet milling should probably not be exposed to temper- 
atures higher than about 130 F. There is some evidence that 
temperatures in the neighborhood of 200 F have an injurious 
effect on corn to be used as feed, but this point is not well es- 
tablished. We are particularly in need of experimental results 
showing the relative effects, if any, of drying grains, particu- 
larly corn, at various temperatures from 100 to 200 F, or more. 

Many driers of the type we are discussing are so construct- 
ed that the products of combustion of the fuel are discharged 
directly into the drying air and passed through the grain. In 
the case of seed corn drying, this practice is quite general and 
no harmful effects have been observed when liquid or gas fuels 
are used. For purposes other than seed, there is the possibility 
that the products of combustion may carry some unburned 
fuel and deposit it on the corn. However, experience does not 
indicate that this practice is harmful even fot .urn to be used 
as feed. Small amounts of unburned fuel deposited on a small 
amount of corn being dried do not seem to be serious. We 
have heard reports of livestock refusing to eat corn most di- 
rectly exposed to products of combustion from burning oil. 
But on the whole there seems to have been very little diffi- 
culty from this source. j 


UTILIZING ALL THE HEAT OF COMBUSTION 


Driers which use the products of combustion in the drying 
air have the advantage of simpler construction than those in 
which the products are exhausted through a stack and the 
heat is transferred through a heat exchanger to air for drying. 
In addition, practically all of the heat generated by combustion 
goes into the drying air in a direct fire drier, whereas the effi- 
ciency of practically all heat exchangers will probably not ex- 
ceed 70 or 80 per cent. 

In most grain driers using forced-air circulation, the air is 
discharged from the fan and eventually passes through the 
corn. In some the air may be drawn through the corn and 
into the blower. It is usually more convenient to have the grain 
on the discharge side of the fan instead of on the intake side. 
The choice of whether the air is pushed through or drawn 
through the grain should be made on the basis of convenience, 
safety, and economy in the equipment, since there is no evi- 
dence to show that there is any difference in effectiveness of 
drying between air movement by suction and by pressure. 


There are a number of special types of driers, any of wh:ch 
may eventually be developed to the point of common use, but 
so far their use is limited. These include driers in which ‘he 
heat is supplied by radiation with infrared or other parts of 
the spectrum, those in which the heat is supplied to the grin 
by electrical induction, and those in which the heat is supplied 
to the grain by radiation of heat or by conduction of heat. 
One drier of this type was developed by Kelly. In this case 
the grain is heated in a drum and passed on to a drying com- 
partment through which atmospheric air is blown. This driet 
operates continuously and as much as 2 or 3 per cent moisture 
can be removed in one passage through the drier. 

(Continued on page 59) 
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The Case Against Non-Metallic Sheathed Cable 


By Glenn Rowell 


ing material following World War I, and from what one 

can learn from persons active in the wiring materials 
branch of the electrical industry at that time, the advertising 
campaign conducted to gain recognition for this cable pre- 
sented one of the most controversial subjects ever to confront 
the clectrical code committee. After considerable maneuvering 
during which many skulls were cracked, figuratively speak- 
ing, the Committee finally agreed to recognize it as an ap- 
proved wiring material and the 1928 edition of the ‘National 
Elec!rical Code contained the first regulations — its 
use. The pros and cons of that battle are still a lively subject 
for «n evening spent with one of the persons on the committee 
at that time. Many of you may remember the elaborate bro- 
chures prepared and distributed throughout the country ex- 
tolling the virtues of this new wiring material. 

Non-metallic sheathed cable has become an accepted wir- 
ing material capable of giving safe and satisfactory service 
when used ag it was originally intended, for the wiring of 
dwe!lings. There are today countless thousands of installa- 
tions in homes all over this country and the experience has 
not been bad. In fact, even large cities have permitted its use 
in dwellings, notably Detroit and Philadelphia. Today there 
are twenty-five manufacturers of this cable listed by Under- 
writers’ Laboratories. 

When the Rural Electrification Administration began its 
program of furnishing electrical energy to rural America, we 
in the electrical industry and those responsible for the excel- 
lent idea of rural electrification were in reality asleep at the 
switch. We talked only of replacing the kerosene lamp and 
lantern, and no one outside of your society made any attempt 
to discover just what electricity might mean to the American 
farmer. Actually there were REA employees traveling about 
the country arranging meetings of farm groups and advising 
them that they could wire the average farm for not more than 
$65. REA engineers actually laid out distribution lines, many 
of which were as much as forty miles or more in length (some 
almost eighty miles in length), and hung 114-kw transformers 
to serve the average farm. All this is definite proof that all 
we expected to do was to replace kerosene lamps and lanterns. 

The electrical contractor found a most undesirable condi- 
tion when he became interested in farm work because of the 
low-cost ideas that had been broadcast. Many in fact refused 
even to take part, with the result that a great many farms 
were wired by persons and firms neither qualified nor capable 
of doing either a safe or an adequate job. Being faced with 
the necessity of keeping costs down, it was deemed necessary 
to use the cheapest materials available. Non-metallic sheathed 
cable being low in cost and easy to install, as it required fewer 
man-hours per outlet than any other wiring material, was 
naturally selected as the material to use on American farms-— 
this in spite of the fact that every edition of the National 
Electrical Code from 1928 through 1940 specifically prohibited 
its use in corrosive or damp locations. Both the electrical in- 
dustry and REA should have established fact-finding commit- 
tees to determine the proper methods of wiring farm prop- 
erties. There were enough farms then being served by private 
utilities to furnish all the evidence necessary to convince any 
thinking person of the need of developing special wiring ma- 
terials and devices, and also of the need for both heat and 
power in addition to light. 

You can hardly blame the farmer today whose opinion of 
both the REA and the electrical industry sinks lower every 
time he looks at the cable in his barn, which has, snakelike, 
shed its outer coat, or at the boxes and cabinets which are red 
with rust, or at the wiring devices now supported only by the 
* EI 8 Decent dese ing Ba... eae epia,. Bos. Mec 
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conductors attached to them. Then to rub salt in these wounds, 
the 1947 edition of the National Electrical Code states that 
outbuildings on farms should not be considered as damp or 
corrosive locations when considering whether or not you can 
use non-metallic sheathed cable in them. How the persons 
responsible for this change in the Code text ever decided that 
cattle barns were neither damp nor corrosive, I do not know. 
It is certain they did not visit many during the winter months, 
but possibly they found it expedient to do so when they 
learned of the hundreds of thousands of farms ‘wired with 
non-metallic sheathed cable. Our latest census in Minnesota 
alone indicates that we have some 130,000 farm properties 
connected and most of them are wired with this cable. REA 
now serves 2 million customers, 114 million of which are 
farmers. 

When this rural wiring program got under way, I was 
asked to determine the possible fire hazards which might result 
from the project. As a result of several weeks spent in rural 
Minnesota, I requested and received permission to prepare a 
simple set of wiring standards which might be understood by 
the average layman, as I actually found farms wired with bell 
wire. Five complete farms were found wired with copper- 
plated steel telephone wire and the largest conductor even be- 
tween buildings was about No. 16. Every one of the REA 
cooperatives I discussed this problem with seemed willing to 
adopt some wiring regulations which would keep their mem- 
bers from being bilked too badly. In an attempt to accumu- 
late data, I obtained every different type of wiring material 
or device I could get my hands on and placed them in cattle 
barns near Minneapolis; and there I, too, missed the boat, be- 
cause it so happened the barns I had access to were all well 
ventilated and did not get as wet as the majority do. Certain 
facts were discovered, such as the need for prohibiting the 
placing of any ordinary wiring material or device against the 
inside of any outside wall. In 1936 the first set of standards 
was prepared in mimeograph form and presented by our 
bureau to any REA cooperative or electrical contractor that 
wished to use them. The following year the electrical industry 
succeeded in convincing our state legislature of the need for 
control over electrical installations, and we had a state-wide 
electrical licensing law enacted. The mimeographed standards 
were then published in pamphlet form and most of our farms 
were wired to conform to those regulations. 

The original standard required the use of non-corrosive 
boxes and cabinets, and if steel were used they specified that 
it must be galvanized or plated with a corrosion-resistant 
finish. The manufacturers refused to make special equipment 
for use only in Minnesota, so we had to give up our battle 
and accept the painted cabinets even though we knew they 
could not stand up. As far as I have been able to determine, 
no other area even attempted to force the industry to pro- 
duce special corrosion-resistant equipment or wiring materials, 
so we like everyone else accepted those materials and wiring 
devices designed for urban use. As a result, we face the prob- 
lem now of rewiring these farms. Most buildings used to 
house livestock during cold weather must be rewired for two 
reasons: first, to remove the hazardous conditions, and, second, 
to provide adequate capacity. Not too long ago the REA 
hired a large number of persons and kept them busy attempt- 
ing to build up load. Today that program has been reversed 
as there is not sufficient energy nor distribution capacity avail- 
able to supply the existing load. As an example, I have some 
preliminary figures released by the Northern States Power 
Company from a field survey they have begun, to determine 
loads which they may expect on the rural lines served by 
them. On one line serving 115 farms all located in a poor 
farming area adjacent to Minneapolis, they found that 98 per 
cent of these customers pumped water with electricity, 78 per 
cent had electric refrigerators, 67 per cent had electric milk- 
ing machines, 42, per cent had electric ranges, 31 per cent 
used deep-freeze storage boxes, 22 per cent had 10-gal dairy 


een 
peared 


a 


faa Be ' TORR ete aie aa tie ne pee wae me arte oles Ee A 
rr 3 3=—ss 
oe —_— >) ee ee a, ie 
‘ 
948 ee = 
¢ 

reat 
| to in 
the fF 
ent, 
ois- § “4 ca 
em- 
eat fe 
era- ss 
eCO- \ 
han | 
1 to 
1es 
ods foes 
the 
uch ies 
can 
ain. : 
ares 
> be Fi 
per- 
that 3 
ious 
| es. 
ults 
icu- 
ore. 
uct- § 
ged 
In 
and 
uels 
ility 
‘ned 
not 
ised 
nall 
We 
: di- 
oil. 
li ffi- 
ying 
e in 

the . 
ring. 
tion 
effi- ; 
: eX 
ir is 

the } 
and Ne 
rain 
side. 
awn 
nce, 
evi- ; 
s of ; 

a 
hich 
, but 
. the 
s of 
rain 
lied 
neat. 
case 
-om- 
drier 
sture 
ee 

59) i 
we 

. ie I Ee Pe 8 Og) Se ee aes see 

% py os. ole i Re ee eee Re ves ee 
Es ea ae eee ip 1 eee a ae Ska ee GA. saben oe fia 


56 


water heaters in their milkhouses, 19 per cent had storage-type 
electric water heaters, 7.7 per cent had electric milk coolers, 
one used an electric arc welder, and one had installed a barn 
cleaner. Most of this load has been added during the time 
when electrical appliances have been almost impossible to get. 
A year ago an implement dealer in a small village sold and 
delivered 32 corn elevators and only one of his customers had 
adequate wiring at the corn crib to serve the 220-v, single- 
phase motor that operated the elevator. I have stressed this 
inadequacy which exists today in an attempt to hurry ac- 
ceptance of the idea that we have to rewire the gteat majority 
of our farms. A few know of the hazards of life and property 
that are developing, but almost everyone today has begun to 
realize that the farm is actually an industrial establishment in 
addition to being a home. It has every right to expect elec- 
trical energy for heat and power as well as for light, but it 
cannot be made available until the individual farm is pro- 
vided with an adequate and a safe wiring system. 

It is impossible for anyone to say just how many fires have 
been caused by the deterioration of insulation. I hesitate even 
to guess the number we have had in Minnesota, although I 
can assure you that there have been a number of them, and 
we know the number will increase very rapidly unless this re- 
wiring program gets under way very soon. We have started 
reinspection programs on several projects in our state during 
the past two years. On one project the inspector had to visit 
almost 200 farms before he found one that he felt could be 
considered safe. Out of over 1000 farms reinspected today 
the number considered safe is so small we are convinced that 
it is time for drastic action. 


NON-METALLIC SHEATHED CABLE A SERIOUS PROBLEM 


You may wonder why many of you have not learned of 
this problem before. We believe that we have in Minnesota 
the finest industry-wide electrical organization in the world. 
Our electrical inspectors association holds ten meetings each 
year; we have nineteen inspectors on REA projects alone, and 
everyone is a member of the state association. Each month 
these men bring in reports and samples from their projects so 
that we know just what is going on in every part of the state. 
As a result, we have been able to accumulate a lot of informa- 
tion about the problem with which we are confronted. 

Non-metallic sheathed cable is proving to be our most seri- 
ous problem because of the way it usually breaks down in 
out-of-sight places. Wherever it passes through drilled holes 
in the structural timbers of the barns or through partitions, 
especially those partitions that divide areas of different am- 
bient temperatures, the destruction of the insulation takes 
place. If a cable is placed on the inside of an outside wall, 
or if it is so located that a cold blast of air from a doorway 
leading to the outside can strike it, this same destruction of the 
insulation takes place. Here, though, it can easily be seen and 
will no doubt be replaced before it can cause a fire in most 


instances. Within bored holes the story is different. Here the 


flow of air gradually deposits hay chaff and other dusts until 
the opening is practically plugged. Then during winter months 
this accumulation is soaked with moisture causing the braids 
to mildew and rot. Expansion and contraction of the building 
timbers also causes an abrasive action which hurries the process 
in many cases. Naturally the first current leakage is negligi- 
ble; it gradually increases until the accumulation of chaff and 
other dusts is well carbonized, all this without the least danger 
of opening the circuit overcurrent protective device. Then it 
reaches the stage where it will either form a fire-starting arc 
or open the fuse or breaker. 

This condition was first brought to light in Minnesota 
shortly before we entered the last war when it was impossible 
to expect our wire mills to do much about the design of a new 
wiring material. Since the war we have been promised that 
a new cable would be produced, and we understand that seri- 
ous consideration is being given to various types of insulation 
which we know are capable of withstanding the effects of the 
corrosive conditions found in dairy barns. However, these new 
cables are not yet available and farms must be wired. Hence 
it is necessary that special precautions be taken to safeguard 
the dairy barn in which the non-metallic sheathed cable is used. 
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Minnesota is not the only area that has recognized this 
"fact, as I have been informed that other areas too are de. 
manding that special consideration be given. For instance, in 
the Province of Ontario the Hydro-Electric Power Commission 
has issued the following rulings: 

1 Non-metallic sheathed cable in barns and stables shall 
not be run directly over windows, doors, or other openings in 
outside walls or where condensation is liable to form on the 
cable due to marked temperature differences, unless the cable 
be protected by a length of rigid metal conduit sealed at both 
ends with an approved insulating compound. 

2 Non-metallic sheathed cable shall not be installed in | 
root houses. 

3 Non-metallic sheathed cable shall not be run in stair- | 
wells or through other openings, such as ventilating ducts, be- 
tween the stable and the floor above unless enclosed in rigid 
conduit sealed at both ends with an approved insulating 
compound. 

Just before the war the number of failures in Ontario was 
such that they were seriously considering issuing an order 
which would prohibit the use of this cable. 

As a result of the reinspection program, several Minnesota 
REA projects have become so alarmed that their boards of di- 
rectors have issued orders that no more farms will be served 
from their lines when non-metallic sheathed cable is used. 
That, gentlemen, is drastic action. I personally do not believe 
it will be necessary to take as big a step as that; however, it 
should convince the wire mills that they must produce a safer 
cable. Until that is done, we can greatly lessen the possible 
hazards to life and property by requiring that all buildings 
used to house livestock, if wired with cable, be wired in con- 
formity with the requirements of the National Electrical Code 
and the following special precautions: 

1 Non-metallic sheathed cable shall not be run on or at- 
tached to the inside of any outside wall unless placed on run- 
ning boards which will assure at least two inches of air space 
between the board and the inside surface of the wall. 

2 Where non-metallic sheathed cable passes through bored 
holes in timbers, the hole must be filled completely with an 
approved insulating compound, and where it passes through 
a floor or partition it shall be protected by nipples filled com- 
pletely with an approved insulating compound. 

3 After the cable is in place, it should be carefully painted 
either with an asphalt-base paint or any good grade enamel. 
This should preferably be done before the straps are fastened 
in place so that the cable can be coated on all sides. 


SPECIAL PRECAUTIONS HAVE IMPROVED SITUATION 


There are now a number of installations, made in Minne- 
sota, on which the above-mentioned precautions were taken 
and so far these jobs are apparently standing the corrosive 
conditions perfectly as far as the cable is concerned. How- 
ever, we are still faced with the corrosion of the steel boxes, 
cabinets, nails, and screws. We know that a properly venti- 
lated barn reduced this problem materially. Possibly it is the 
job of the agricultural engineers to sell the American farmer 
on the need for adequate ventilation. I have been told_ that 
rural electrification. will automatically assure the installation 
of adequate ventilation. Even if that is true, can we wait for 
it to happen? I do not believe we ¢an. 

Sometime ago we thought that porcelain wiring devices 
would be the answer, and frankly one manufacturer did pro- 
duce a surface-wiring device which furnished satisfactory 
service when installed with corrosjon-resisting screws. Since 
then several bakelite surface wiring devices have been placed 
on the market and used in large numbers. Our experience with 
them has been most disastrous. Moisture enters these devices 
bringing with it hay and grain dusts. Heat given off evapo- 
rates the moisture and gradually chars the dust until a con- 
ductive path is formed between two current-carrying parts 
having a voltage potential difference between them. The arc 
thus formed usually sets fire to the bakelite housing and some- 
times even to the building. At one inspectors’ meeting I asked 
for samples of these devices which had failed, and at the next 
meeting I was given over sixty by (Continued on page 59) 
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Building Safety into Farm Buildings 


By C. L. Hamilton 


MEMBER A.S.A.E. 


plete without making adequate provision for safety. They 

should be safe from injuries to people and safe from un- 
necessary fires. Many common causes of accidents around build- 
ings have been known for sometime, but the same hazards 
continue to creep into design through oversight, neglect or in- 
difference. It is unfortunate that accident hazards have been 
actually built into many farm buildings. The cost of one ac- 
cident can more than pay for changes in design or construc- 
tion which may prevent a disaster. 


You will undoubtedly feel that many of the items which 
are mentioned in this paper are simple and obvious. You may 
also say they don’t require much engineering — the farmer 
can figure them out for himself. I believe this is one of the 
main reasons why safety has not advanced as rapidly as other 
structural improvements in building designs. To cite one ex- 
ample, the detail for building a safe ladder to a hay mow is 
simple, but year after year agricultural engineers continue to 
put out farm plans without showing this detail, and year after 
year farmers continue to build barns with unguarded and 
hazardous ladders. Recently I went through nearly a hundred 
barns in northern Mlinois, one of the best farming sections in 
this country, and only one of the barns had a ladder that 
would be approved by a safety engineer. Most of them were 
real accident hazards, and distinct inconveniences. Even the 
few that had stairways were not much better. Many large 
barns should have stairways, but it is difficult to install a stair- 
way when the space required is not provided in the original 
plans. We cannot blame farmers for not having these struc- 
tural safety features in their buildings as long as agricultural 
leaders continue to omit them from building plans and pro- 
motional material. 


In any accident prevention program the removal of me- 
chanical hazards is one of the easiest ways to secure results. 
It should always be given first consideration. It is easier to 
make a mechanical or structural change than to teach people 
to change unsafe habits that are deeply entrenched through 
years of use. Education to develop a safety consciousness is 
necessary, but by itself it seems to be a long hard road. Fre- 
quently it requires a mechanical rearrangement, a guard, or 
change in design to force 
people to change unsafe 
practices. 

Safety must be considered 
in the original plans, in the 
materials of construction, in 
details, in lighting — yes, 
even in the color scheme and 
furniture arrangement. Safe 
structural features must be 
developed and included as 
an integral part of each plan. 

They must be practical so 
they are readily accepted as 
an essential part of the build- 
ing. As leaders in the farm 
building field, you must ac- 
cept this obligation as a part 
of your responsibility. For- 
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Left: This picture shows a safe barn ladder that extends well above the hay 

loft floor, and a well-guarded hay mow opening e Right: A well-con- 

structed enclosed stairway, that has a hand rail and is kept clean, provides 
the safest and easiest passage to hay mows 


tunately many safety features can also be distinct conven- 
iences and time savers. Following is a review of a few of the 
safety features for some of the most important farm buildings; 
space will not permit a detailed discussion of them all. 


Barn Hazards. In planning barn improvement it is some 
of the little things that make routine chores safe and easy. 
Many farmers spend one-half or more of their time doing 
farm work in and around barns. A 16-yr summary of fatal 
farm work falls in Kansas shows that about 50 per cent of 
them occurred in or around barns. A special survey in New 
York last summer revealed that almost one-half of all the 
farm accidents in the area studied occurred in the barns, and 
another one-third occurred in the barnyard or in other farm 
buildings. Defective design or neglected repairs did not cause 
all these casualties, but directly or indirectly structural im- 
provements could have prevented a large portion of them. 


Falls and falling objects cause many farm accidents; so 
barns should be checked for loose objects or things that lead 
to falls. High door sills should be removed or the entrance 
built up so that the sill does not project above the floor level. 
All floors should be solid, smooth, and continuous. If there 
must be a change in floor levels, ramps should be used. Plan 
special storages and orderly arrangements for alleyways or 
work areas that frequently become obstructed with feed, tools, 
harness, feed carts, or other obstacles. Don’t let farmers work 
in the dark; see that dangerous corners and work centers are 
well lighted. Put light switches in convenient locations. Dis- 
courage the storage of loose materials overhead and see that 
forks, scrapers, and other barn equipment are kept in con- 
venient places where they will not fall over. To encourage 
orderly housekeeping around the barn it is necessary to pro- 
vide specific storage places for barn equipment. 


Loft doors, feed chutes, and ladders are an accident men- 
ace in most barns. A well-constructed stairway provided with 
a hand rail and kept clean provides the safest and easiest 
passage to hay mows. Doors to the stairway should swing 
away from the stairwell. It is a bad practice to use stairwells 
as feed chutes because loose hay or straw make footing un- 
certain. Separate feed chutes that are guarded above the loft 
floor or to the top of the hay in a full mow are desirable in 
modern barns. When it is 
necessary to use a ladder, see 
that it is guarded and ex- 
tended well above the loft 
floor. It should also have 
well-spaced stout rungs that 
are placed far enough from 
the wall for secure footing. 

The safest and most con- 
venient way to repair, ad- 
just, or oil hay fork carriers 
is from a_ well-constructed 
platform at one end of the 
barn. Where, the large hay 
doors are some distance from 
the floor, a good platform 
should be provided for serv- 
icing them. All elevated 
platforms should be equip- 
ped with a stout guard rail- 
ing and accessible from a 
stationary: ladder. The same 
treatment should be applied 
to feed bins or other acces- 
sories that involve climbing. 

Farm Homes. As you con- 
sider the various details and 
requirements for remodeling 
and constructing farm 
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Above: Hay forks may be serviced easily and 
safely from this platform e Right: From this 
platform barn doors can be serviced safely. It 
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homes, you have probably given some consideration to safety 
because home safety has received more emphasis. The leading 
cause of accidental death and injuries among farm residents 
is home accidents. Available records indicate that falls ac- 
count for about 39 per cent of the farm home fatalities, burns 
25 per cent, firearms 7 per cent, poisoning 6 per cent, mechani- 
cal suffocation 4 per cent, and miscellaneous 19 per cent. Many 
special improvements are needed around farm homes to help 
reduce the high proportion of falls. 


Stairs and Stairways. Stairs and steps if correctly built will 
prevent many falls. The builder should keep in mind that they 
will be used by old, by young, by those with failing eyesight 
and by the infirm. Then, too, most farm people have a lot of 
work to do and they are usually in a hurry. There are prob- 
ably more unsafe stairways and steps in farm homes than any 
other single item. Basement and attic stairways are usually 
the worse safety offenders. 

Every stair tread should be equal and at least 10 in wide. 
Risers should all be the same height and should not exceed 
73%, in. A fraction of an inch variation in the height of any 
riser or width of any tread has often caused bad falls. Nor 
should stairs be too steep; the proper slope is between 30 and 
36 deg. Whenever possible, especially in long stairways, a 
spacious intermediate landing should be provided. It provides 
a pause that refreshes on the way up, and it also helps to 
break the worst falls that may occur near the top of the 
stairway. 

Triangular steps or winders are often used to save space 
and many feel they have an esthetic appeal, but they are dan- 
gerous and should be avoided. If it is necessary to use winders 
they should be laid out so you have a tread of the normal 
width at the line of travel about 15 in out from the inside rail- 
ing. At their narrowest end the tread should not be less than 
three-quarters of the normal width, so a reasonable toehold 
will be provided for children or others who hug the rail. In 
remodeling work, you will find some old stairs with winders 
clustered about the newel which cannot be altered. This con- 
dition can be made safer by adding a vertical handrail to the 
newel about 30 in long and projecting 4 or 5 in into the stair- 
way. This will force users to walk on the wider portion of 
the tread and provide a hand hold for the entire turn. 

Railings are another essential safety feature often over- 
looked. They create confidence and lend physical support 
where most needed. It is fully as important to install a rail- 
ing for the basement, attic, and exterior steps as for the main 
stairway. Even front and back porches that are a foot or more 
above the ground level should have a railing. The severity of 
falls is not measured by the height of fall. 

Consideration should also be given to other details in stair 
design that may save lives: The top and bottom approach to 
the stairway is a dangerous spot to watch out for. Never open 
doors directly down stairs or steps. If the upstairs hall is small 


should be built at least 214 ft below the doors, and the railing should extend around the ladder 
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doors to adjoining rooms should 
open inward, or there should never 
be less than a 30-inch minimum clear- 
ance from all doors at the head and 
foot of stairways. The first and last 
step should be clearly defined; a nos- 
ing of contrasting color to the tread 
provides a good marker. A lighter 
color is commonly recommended for 
the top and bottom steps of an attic 
or basement stairway. Provide lights 
with three-way switches on all stairs 
so they can be adequately lighted 
with a minimum of effort on the 
user’s part. 


Striking and Tripping Hazards. 
Don’t forget to provide plenty of 
head room on stairways. The mini- 
mum clearance should be about 6 ft 
8in. Attic and basement stairs are 
just as important as the main stair- 
way. The fact that they are not used 
as much is no reason for low head- 
room, short handrails, or steep design. 

Other striking hazards can be eliminated by the use of 
vertical or horizontal sliding kitchen cabinet doors and round- 
ed corners on counters and built-in furniture. If hinged kitchen 
cabinet doors are used, narrow doors which limit extension 
into the working space are desirable. The hardware should be 
sult and placed so that it will not catch clothing or pinch 

ngers. 


Water pipes, air ducts, and other low-hanging objects which 
may become striking hazards should be avoided. If this is im- 
possible, they should be guarded by using bright-colored paint. 
Doors that open into hallways or other lines of traffic create 
undesirable striking hazards. 

All floors should be without surface irregularities and non- 
slippery. One-step changes in floor or sidewalk levels are dan- 
gerous. In bedrooms locate light switches near each bed as 
well as near door to avoid stumbling around in the dark. Out- 
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lets for night lights wherever there are stair openings are also 
desirable. 

Windows which can be cleaned and equipped with storm 
sash or screens from the inside eliminate a bad accident hazard, 
especially where the entire window area cannot be reached by 
a person standing on the ground or other solid footing. 


Closet and Storage Space. The need for closet and storage 
space at the right place and designed for a specific purpose is 
gradually being recognized. Many household accidents from 
cluttered stairways, hallways, and other lines of traffic may 
be the result of disorderly housekeeping, but the real source of 
the trouble is usually inadequate storage facilities. In design- 
ing new homes or in planning remodeling work, a place should 
be planned for every household item like hats and coats, toys 
and games, housekeeping equipment, food, linen, toilet articles 
and medicine, clothing in current use, off-season clothing and 
equipment, and furniture, trunks, etc., not in immediate use. 

‘Just a closet with four walls and a door is not enough. A 
closet should be divided with shelves or compartments so there 
is a.definite place for each item. A place for everything and 
everything in its place is a sound safety motto. Adequate stor- 
age space for frequently used articles should be reached by a 
person of average height standing on the floor. Planning and 
designing suitable storage at the proper location for all the 
items used around the ordinary household requires a lot of 
forethought and ingenuity. 

Fven the common clothes closet which we find in homes 
today may need some overhauling. It is a customary practice 
to place one shelf about 2 ft from the ceiling. The original 
idea was probably to provide lots of depth for the big hat 
boxes women used to use. The old-fashioned hat boxes have 
practically disappeared but the closet shelf is still built the 
same way. To utilize the storage space fully, several small 
boxes or cartons, one on top of the other, will be found from 
the shelf level to the ceiling. When one is pulled out several 
others usually fall down. The spacing of shelves should be 
limited so storage items cannot be piled on top of each other. 
The widely used mirror cabinet over the lavatory is not a safe 
place to store medicine or poison. If special storages are not 
provided for dangerous items like poison or guns, they are 
usually found mixed in with other household items where 
cuildren can easily get them. 


POOR LIGHT COMMON CAUSE OF ACCIDENTS 


Poor light is a common cause of accidents, besides being 
annoying and inconvenient. All storage spaces should be de- 
signed with adequate natural and artificial light whenever pos- 
sible. If natural light is not feasible, at least electric lighting 
to protect persons from striking against protruding objects or 
gtoping in the dark should be provided. Closet illumination 
through the use of an automatic door-operated switch is an 
added safety feature. 

Bathrooms. Bathrooms are supposed to be for cleanliness 
and comfort, but an amazing number of injuries — even fatal 
falls — occur in them. In planning a bathroom allow plenty 
of space between tub, toilet, and washbowl. Select a tub with 
a flat bottom. Provide handrails on the wall at the side of the 
tub. Make them long and run them diagonally or vertically 
up and down to provide support in a hurry whether sitting or 
standing and especially when entering or leaving the tub. Use 
recessed soap containers and provide safe disposal for. razor 
blades. A shower stall and bathroom floor should have a non- 
slip surface. The bathtub should not be placed under a win- 
dow which must be opened. Light switches and electrical ap- 
pliances should be placed out of reach from lavatory or tub. 


Safe Arrangements. The home design should permit free 
Passage between rooms without congestion points. The loca- 
tion of windows, doors, or archways should facilitate conven- 
lent placing of furniture and unobstructed travel lanes. Doors 
should not swing into normal traffic lanes or strike other doors. 

The location of any facility for which there is frequent 
need should be in the most accessible part of the house. Ex- 
amples would be a lavatory and water closet on the first floor 
of 2 two-story house, telephone outlet in a central location, or 


a utility room on the main floor at ground level instead of in 
the basement. 
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Ample electric outlets should be provided where needed to 
eliminate use of long extension cords. Three-way switch con- 
trols should be used at the entrance and exit of the main room 
and for ali stairways. 

Farm Fires. Agriculture has a bad fire loss record, so fire 

prevention in new construction should not be overlooked. No 
one wants buildings with built-in fire traps. 
_ Fire prevention should be considered in the spacing and 
general arrangement of farm buildings. It should be consid- 
ered in the selection of the matezials. Fire-resistant roof cover- 
ings are especially desirable. It should be considered in the 
construction of chimneys and fireplaces, in the installation of 
stoves and furnaces, and in electrical wiring. Firestopping is 
another important precaution in building. Check fires from 
using walls as readymade flues. This should be done at each 
floor level and where the roof rafters meet the wall. Fire- 
resistant interior finishes are also important. Such things as 
plastered furnace rooms, a double first floor, and a self-clos- 
ing, metal-covered cellar door help retard fires. The fact that 
I have only mentioned these fire prevention features rather 
briefly does not mean that they are not important. Improved 
building codes have been an important factor in reducing fire 
losses in urban centers, and there is still a big field for similar 
improvement in agriculture. 


Farm Grain Driers 
(Continued from page 54) 


Another drier was developed by Burkhardt in which the 
grain passes downward between hot water coils, while at the 
same time atmospheric air is passing upward through the grain 
and among the coils. This system also operates continuously 
and has the advantage that the heat is supplied within the 
bulk of the grain by the coils, and the air temperature does 
not necessarily drop in its upward passage through the grain 
as it does in the simple batch drier. 

Still another general type of grain drier depends upon the 
absorptive action of some material put in contact with the 
grain or used to dry the air before it enters the grain. 

The U. S. Department of Agriculture is purchasing seven 
driers for experimental use in cooperation with the state agri- 
cultural experiment stations. These use three different fuels 
and are of two different capacities. Some are equipped for 
direct heating and some have heat exchangers. These are all 
of the simple-batch drier type and are used for drying ear 
corn while in ordinary cribs. These driers have all been de- 
signed to heat the incoming air to about 70F above atmos- 
pheric temperature. Some of them are in operation and we 
expect to continue using them until spring to get further infor- 
mation on the important characteristics of driers. In addition 
several manufacturers have loaned driers for experimental use. 


Safety in Farm Buildings 


(Continued from page 56) 


members who remembered my request. We, therefore, are 
faced with the need for devices constructed of non-combusti- 
ble, non-corrodible material. 

Porcelain may be the answer provided special units are 
made for farm use. In the first place, they must be so de- 
signed that the expansion of a moisture soaked building timber 
will not pull the supporting screws through the back of the 
box. Then, from the contractor’s point of view, they should 
be more rugged to reduce the breakage now experienced dur- 
ing shipment and handling. Certain aluminum alloys are 
capable of withstanding the corrosive atmospheres found in 
these buildings, and now there are a few small manufacturers 
making aluminum outlet boxes. Possibly sufficient demand 
would increase its use by other companies. Certainly the po- 
tential market on our farms is too large to be ignored by the 
industry, provided the spokesmen for the rural electrical cus- 
tomers make a concerted effort to be heard. 

When you consider the fact that every fire hazard is also 
a life hazard, that lives lost are lost forever, and that property 
burned is capital destroyed beyond replacement, I believe you 
will agree that it is time we do something. 
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Conservation Farming on a 100-Acre Farm Unit 


AGRICULTURAL ENGINEERING for February 1948 


By John R. Carreker 


MEMBER A.S.A.E. 


FARM unit of 100 acres was established in 1941 on the 

Southern Piedmont Conservation Experiment Station of 

the USDA Soil Conservation Service at Watkinsville, 
Oconee County, Ga. The purpose ofthis unit was to gather 
data on conservation practices under actual farm conditions 
to supplement research findings under experimental conditions 
on the Station. 

Much valuable information has been obtained from this 
farm during its six years of operation. The more pertinent 
findings are given in this report. 

The basis of operation was a conservation farm plan to 
protect the land from erosion, improve the fertility of the soil, 
and provide adequate income for the farm operator and Jand- 
owner, 

Two mules with suitable equipment were used for the 
major work of crop production. Supplemental tractor equip- 
ment for work beyond the time and capacity of the mules was 
hired from off the farm when needed. 

A tenant and his family, consisting of his wife, three small 
boys, and aged mother-in-law, operated the farm. 

The 100 acres of land chosen for this unit closely repre- 
sented farm conditions in Georgia. In 1940 the average size 
of all farms in the state was 109.6! acres. 


The average Oconee County farm was 107.7 
acres in size and contained 74.3 acres of cropland. 
This 100-acre farm had 69.0 acres of cropland, 
10 acres open pasture, and 21 acres of woodland, 
homestead, etc. 

The soils are of the Cecil and related series, 
which are the most common in the Piedmont soil 
province. They were low in fertility and organic 
matter as a result of past cropping and erosion. 
The degree of erosion varied from slight on the 
more level fields to very severe on the steeper 
areas. Approximately 11 acres had been taken out 
of cultivation in the past because of excessive ero- 
sion on steep slopes. 

The land varied in slope from nearly flat on 
a few acres of hilltop to very steep near two small 
branches. The ravines in which the branches were 
located were quite narrow with practically no low- 
lying bottom land. 

The field layout in 1941 is shown in Fig. 1. 
In accordance with Station results, the steepest 
slopes and terrace outlets were planted to the per- 
ennial legumes of kudzu or sericea lespedeza. A 
rotation containing small grains and annual les- 
pedeza in, sequence with cotton and corn was in- 
augurated on the remaining cropland. 


All fields were terraced in 1941 with broad- 
base channel-type terraces and sodded terrace out- 
lets. Kudzu was planted on 8.1 acres and sericea 
lespedeza on 2.9 acres of steep badly eroded land 
in field 5. 

A 4-yr rotation was planned for the remaining 
58 acres of cropland in fields 1, 2, 3, and 4. This 
rotation included: (1) small grain and annual 
lespedeza, (2) small grain and annual lespedeza, 


This paper was presented at the winter meeting of 
the American Society of Agricultural Engineers at Chi- 
cago, Ill., December, 1947, as a contribution of the Soil 
and Water Division. 


JOHN R. CaRREKER is agricultural engineer, Southern 
Piedmont Conservation Experiment Station, Soil Conser- 
vation Service, U. S. Department of Agriculture. 
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*U. S. Census of Agriculture, 1945, vol. 1, part 17, 
Georgia. 


(3) cotton, followed by winter legume, and (4) corn. 


Fields 1 and 2 were in Korean lespedeza prior to 1941 and ‘ 


part of field 3 was in crimson clover. Therefore, the 1941 
cotton was planted on field 1 after lespedeza, and corn on 
field 3 after crimson clover green manure. Oats had been 
planted by the Station on field 2 and wheat on field 4 in the 
fall of 1940. These crops began the rotation sequence de- 


scribed above. 


A detailed conservation survey of the land on this farm 
was made in 1942. The land use, degree of erosion, slopes 
and soil type recorded in this survey are shown in Fig. 2. On 
the basis of this survey, the land capability classes were de- 
termined as shown in Fig. 3. 

These capability classes were then used as a basis of field 
arrangement for crop rotations. The fields were renumbered 
in accordance with the land capability class as shown in Fig. 
4. Changes in cropping were made along terrace lines nearest 


the capability change. 


The small grains planted in the fall of 1943 and the row 
crops of 1944 were arranged to give the following rotations: 


Land class I: 8.2 acres with corn continuously with vol- 


unteer crotalaria. 
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Land class II: 18.6 acres with a 2-yr rotation of (1) oats- 
Kobe lespedeza and (2) cotton or corn. 

Land class III: 22.4 acres with a 3-yr rotation of (1) 
wheat-Kobe lespedeza, (2) wheat-Kobe lespedeza, and (3) 

on. 
7 Lael class IV: 19.9 acres with continuous kudzu or seri- 
cea lespedeza. 


ind The sericea lespedeza in the center portion of field IV-3 
41 was planted on class III land to connect with the two terrace 
re outlets. 

cen This arrangement of crops concentrated row crops on the 
the lesser slopes and increased the protective crops on land that 


M® was more rolling. All row crops followed dead legume resi- 
due. Land preparation thus was possible in the winter and 


im spring during short dry spells. The work of planting winter 
pes legumes during the rush fall season and the spring delay ac- 
On companying turning under green manure crops were elimi- 
de- nated. One possible disadvantage was the loss of nitrates by 
leaching during the winter. 
ield The sericea was increased to 12.5 acres, including 0.6 acre 
red that was first planted to kudzu. Rotation cropland was re- 
Fig. duced to 49.1 acres in this second rotation system adopted. 
rest The three rotations on land classes I, II, and II divided 
equally the acreage in row crops and in the small grain-Kobe 
- lespedeza. 


The class II land fields II-1, II-2 and II-5, with 9.4 acres, 
made one unit and II-3 and II-4, with 9.2 acres, made the 
other unit for the 2-yr rotation. The three crops of the 3-yr 
rotation occupied nearly equal acreages each year on fields 
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TABLE 4 - ACRES HARVESTED IN EACH CROP BY YEARS ON THE 100-ACRE FARM UNIT 
ACRES HARVESTED 


Vetch seed 
Kudzu 


III-1 as one unit, III-2, III-3, and III-4 as another unit, and 
III-5 as the third unit. ¥ 


The crops in these rotations provided considerable live- 
stock feed. Therefore in 1943, when sufficient feed had been 
produced, livestock were added to the farm enterprise to utilize 
the feed on the farm for greater income. The basic plan of 
operation continued to be a conservation cropping plan for 
the fields on the farm. 

Mule-drawn equipment was used in so far as was possible 
for producing these crops. The crop sequence whereby row 
crops followed dead lespedeza and crotalaria residues allowed 
ample time for land preparation and planting the 
summer row crops each spring. These residues 
CLASSES contributed to erosion control so that dry spells 
during the winter were utilized for the land-turn- 
ing operation. Cultivating the row crops likewise 
was easily accomplished with the mules. Since 
both cotton and corn were hand-harvested, the 
mule-drawn equipment was sufficient for these 
operations. 

Only a portion of the small grain could be 
planted with the mule equipment each fall. The 
short time available between row crop and lespe- 
deza harvests and the beginning of winter rains 
made the grain planting a rush job. Frequently 
the soil was dry and hard to work. Therefore, 
the small grain planting with mules was usually 
limited to that portion furrow-planted between 
cotton rows without prior tillage. Tractor hire 
from off the farm was usually resorted to for 


first year lespedeza. 


All the small grain and sericea lespedeza seed 
harvest was done with hired combines. The mule- 
drawn mower and attached seed harvester was 
used for the annual lespedeza seed harvested. 

The mule-drawn equipment was also used for 
all hay harvesting. Likewise weeds and grain stub- 


reo wamser-wuwser ion cano| ble were clipped in the annual lespedeza. Weeds 
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were mowed two or more times in the pasture 
with the mules. These jobs of weed and stubble 
mowing, however, were severe tasks for the mules. 
The weather was invariably hot and the work 
hard. This contributed materially to the poor con- 
dition of mules by the end of summer and caused 
them to be extremely laggard in the fall work. | 
Development of needed additional! pasture 
areas below the farm pond (Fig. 4) was never ac- 
complished because either the team of mules had 
to be rested between jobs of field work, or there 
was not sufficient time between field jobs. There- 
fore, the livestock phase of the farm program 
lacked full development because of the limitations 
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so The acres of the crops harvested each year 
from 1941 through 1946 are given in Table 1. 
Cotton occupied 17.0 acres in 1941 and 8.0 acres 
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TABLE 2 - CROP YIELD BY YEARS ON THE 100-ACRE FARM UNIT 
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in 1946. Corn acreage was increased a little as the conserva- 

tion plan was fully developed. Small grain occupied 28.0 
acres in 1941 and 22.6 acres in 1946. This reduction in acre- 
age of small grain was caused by the increased acreage of 
sericea lespedeza. Hay harvested increased from 6.1 acres 
in 1941 to 17.2 acres in 1946. The 6.1 acres of hay was nearly 
all cowpeas in 1941. The 17.2 acres in 1946 was from Kobe 
and sericea lespedeza. 

The quantity of each crop harvested by years is shown in 
Table 2. The maximum amount of lint cotton was produced 
in 1942 and was 6,125 lb from 12.25 acres, with a per acre 
yield of 500 lb. Rainfall variations from year to year affected 
the per acre yields of the cotton, corn and lespedeza. The 
cotton always followed lespedeza in the rotations used, even 
the first year of operation. 

The 1941 and 1942 wheat crops were planted on portions 
of the farm that had not been built up from the depleted 
state found on the Station as a whole when it was secured 
from the former private owners in 1937. Therefore, low wheat 
yields of 9.0 and 7.2 bu per acre in 1941 and 1942 reflect the 
original condition of the land. Wheat yields beginning in 1943 
showed considerable improvement and averaged 17.5 bu per 
acre in 1945. This increase reflects the influence of fertility 
built up with lespedeza rotations. 

Sericea lespedeza seed was harvested in 1941 and 1942 
from small areas of fertile soil used as terrace outlets in nat- 
ural draws through the fields. Therefore, the yield was above 
300 lb per acre. When seed was harvested from the poor 
class III and IV land plantings, the yield was not so high. 
Repeated annual fertilizer applications of 40 lb of P,O,; and 
30 lb of K,O per acre to this sericea gave improved growth 
and larger yields in 1945 and 1946. The seed yields of 274 
and 294 lb per acre in 1945 and 1946, respectively, are more 
striking when it is realized that the sericea was grazed by 
dairy cows throughout the spring and summer. 


The best corn yield was in 1941, the first year, when corn 


was planted on class I land previously in crimson clover, and 


when rainfall distribution was almost ideal for corn produc- 
tion. The poorest corn crop was in 1942 when a summes 
drought seriously reduced production. This corn also followed 
crimson clover green manure on class III land. 

The increased production of conservation-type crops was 
accompanied by more livestock on the farm to utilize these 
crops. The first use of livestock beyond the farm needs was 
with a small flock of 100 hens and a few head of beef cattle 
in 1943. The flock of hens was maintained at about that size 
through 1946. 

In 1944 there was organized throughout the county a milk 
route for sending manufacturing grade milk to the University 
of Georgia creamery in Athens, 8 miles away. The beef cattle 
were replaced with grade Jerseys and the sale of milk begun 
with 4 cows in September of that year. This herd was in- 
creased to 8 cows in milk and 3 heifers on hand at the end of 
1946. Therefore, as the conservation farm plan was put into 
effect, an increasing portion of the’ crops were consumed by 
livestock on the farm and more of the farm income was from 
the sale of livestock and livestock products. 
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The small grains in the crop rotations were used for sup- 
plemental grazing by the cattle through the winter months 
and then for grain harvest. The sericea lespedeza provided 
heavy grazing during April and May before grass came into 
production in the permanent pasture. It was also grazed inter- 
mittently throughout the summer when dry spells reduced the 
growth of the grass, and then harvested for seed. 


The kudzu was used for supplemental grazing during ex. 
treme dry spells in the summer and in late fall. The Kobe 
lespedeza was used for hay as needed and the remainder har- 
vested for seed. It was not needed for grazing, but was avail- 
- if i? had caused the other crops to be used up by 
the cattle. 


The value of all crops produced, regardless of what dis- 
position was made of those crops, was computed for the 6 yr 
of record, using uniform prices throughout these years. The 
prices used were: cotton, 17.76c per lb; corn, 75c per bu; oats, 
55c per bu; wheat, $1 per bu; barley, 75c per bu; lespedeza 
seed, 10c per lb; sericea seed, 15¢ per lb, and hay, $20 per ton. 
These were the average prices received by farmers in Georgia 
in 19412. Applying these prices to the total production each 
year gave crop production values of $2,062, $2,340, $2,010, 
$2,172, $2,447, and $2,111 for the respective years of 1941 
through 1946. Although there was considerable reduction in 
the acreage of cotton and an increase in hay as the conserva- 
tion farm plan was more fully put into effect, there was little 
change in the value of total crops produced. 


These values of crops produced do not represent the sale 
of crops off the farm. Nor do they reflect price changes that 
actually existed during the 1941-46 period. 

The actual gross income, costs, farm income, and inven- 
tory on the farm are given by years in Table 3. 

The gross income in 1941 and 1942 was based on the sale 
price of the total crop production, whereas the 1943-46 gross 
income was based on actual sales and net increase in inventory. 

The inventory value of buildings, machinery, and mules 
reflect permanent improvements to the buildings and de- 
preciation of all three based on the original cost without fluc. 
tuation due to wartime inflatioA. The gross income, costs, and 
inventory value of feeds do, however, reflect the fluctuation 
in prices during the period of record. 


___ Therefore, the steady increase in farm income from $1,015.72 
in 1941 to $2,560.33 in 1946 was due in part to the change in 
the price situation over these years and in part to the progress 
resulting from the change in the farm plan toward more con- 
servation. 

Comparative returns from the farm program in 1941 when 
crops provided all the income and in 1946 when income was 
from crops and livestock are given in Table 4. The prices 
used for the crops in both 1941 and 1946 were the average 
prices received by Georgia farmers in 1941. The prices apply- 
ing to the livestock items in 1946 are also based on 1941 aver- 
age prices. 

In 1941 the total income was from the crops grown, The 
total crop production value was $2,062.30. Of this, $491.47 


*By correspondence with the Georgia Agricultural Extension Ser. ice. 


TABLE 3 - RECORD OF ACTUAL GROSS INCOME, COSTS, AND INVEN- 
TORY VALUES BY YEARS ON THE I00-ACRE FARM UNIT 


"Note: The gross income in 1941 ond 1942 inciuded the total crop production and 
eft no margin for inventory of feed. 
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TABLE 4 COMPARATIVE RETURNS FROM CROPS ONLY IN 1941 
AND CROPS PLUS LIVESTOCK IN 1946 WITH ALL COMMODI- 
TIES PRICED ON THE UNIFORM BASE OF AVERAGE 
PRICES RECEIVED IN 1941 


Item 1941 1946 
1 Value of crops produced $2062.30 $2110.65 
2 Amount of crops required for 
maintenance of farm 491.47 544.31 
3 Amount available for sale (1—2) 1570.83 1566.34 
4 Amount actually sold or on increase in inventory 1570.83 1125.69 
5 Amount used by extra livestock on the farm 440.65 
6 Returns from extra livestock 1774.83 
7 Crop plus livestock returns (4+5+6) 1570.83 3341.17 
8 Crops used by extra livestock 440.65 
9 Items purchased for extra livestock 826.68 
10 Crop production expenses 676.06 790.00 
1941 1946 
Fertilizer $299.52 $440.00 
Machinery hire 141.10 263.55 
Ginning 45.00 36.45 
Other 90.44 50.00 


Hired labor (picking cotton) 100.00 
11 Livestock and garden products 

consumed on farm (estimated ) 426.00 465.45 
12 Farm income (7+11) — (8+9+10) 1320.77 1749.29 


was needed for the mules and the family livestock on the 
farm, leaving $1570.83 for sale. Crop production expenses 
were $676.06, including $100 worth of hired labor from off 
the farm for picking cotton. Livestock and garden products 
consumed on the farm, which were not included in the value 
of crops produced, amounted to $426.00. The farm income 
was $1,320.77. 

The 1946 value of crops produced, based on average 1941 
prices, was $2,110.65, which was practically the same as 1941 
even though the cotton acreage was reduced from 17.0 to 8.0. 
The amount of the crops needed for seed, mule feed, cow 
feed, for the family needs, etc., to maintain the farm was 
$544.31, leaving $1,566.34 for sale. Of this amount, only 
$1,125.69 was sold or retained on inventory, while $440.65 
was consumed by the cows and chickens for the sale of live- 
stock products. 

. The gross crop plus livestock returns to the farm were 
$3,341.17 in 1946, which was a 113 per cent increase over the 
income from crops alone in 1941. The livestock expenses were 
$440.65 for crops on the farm and $826.68 for items pur- 
chased off the farm. Crop production expenses were $790.00. 
Livestock and garden products produced and consumed on 
the farm, and not included in the value of crops produced, 
were $465.45. The farm income in 1946 was, therefore, 
$1,749.29. This was an increase of $428.52, or 32.5 per cent, 
over the 1941 farm income. 


As previously stated, these data are based on the average 
prices of crops in 1941. They do not show the actual receipts 
and costs in 1946. : 

Total actual crop sales in 1946 were $2,152.20, or 42.9 
per cent of the total income. Of this amount, $1,186.07 was 
from lint cotton and $191.78 from cotton seed, or 64 per cent 
of the crop sales being from the cotton crop. Kobe and sericea 
lespedeza seed sales provided $563.18, or 26 per cent of the 
total crop sales. Wheat and corn sales amounted to 10 per 
cent of the total from crops. 

The sale of mi’k was the single largest source of income 
with $2,120.39 (including $272.25 subsidy). Other income 
brought the total sales from the cattle to $2,415.94, or 48.1 
per cent of the total income. 

The sale of 500 dozen eggs, together with hens and fryers, 
brought $333.98 income. 

Total income from all sources was $5,018.22 for the year. 

Crop expenses included $507.96 for all fertilizer used on 
the farm, $326.22 for machinery hire and ginning, $32.50 for 
alfalfa seed, and $24.15 for other miscellaneous items, with 
4 total amounting to $890.83. This was 36.3 per cent of 
all costs. 


63 


The cattle expenses included $223.11 for hauling milk, 
$125.00 for one cow and calf bought, $165.70 for feed bought 
and other items that make the total $568.64, or 23.1 per cent 
of the total expenses. The $165.70 for feed included $157.50 
for cottonseed meal, $6.35 for salt, and $1.85 for calf feed. 
The cottonseed meal was actually purchased at the gin in ex- 
change for the cottonseed. 


Expenses for the chickens included $485.87 for mixed feed 
bought off the farm and other miscellaneous costs for a total 
eof $515.32, or 21.0 per cent of the total costs. 


Other expenses such as three pigs bought for $26.00, build- 
ing and machinery repairs for $57.22, taxes, $38.00, etc., 
brought the total for all items of $2,457.89. 

The income less expenses ($5,018.22—$2,457.89) gave a 
farm income of $2,560.33 for the year. Interest on the inven- 
tory of feed, seed, livestock, and machinery at.5 per cent and 
on the land and buildings at 31 per cent reduced the farm 
income from $2,560.33 to a labor income of $2,254.71. 


None of the foregoing discussion concerning the actual in- 
come and expenses in 1946 takes into consideration the food- 
stuffs consumed by the farm family. Garden vegetables, corn 
for roasting ears and meal, wheat for flour, milk, butter, eggs, 
chickens, hogs, and other items were eaten by the farm oper- 
ator’s family as needed. 

It is interesting to note that the $2,415.94 income from the 
cattle more than paid the $2,128.96 actual cash expenses (not 
including the $97.06 depreciation on buildings and $231.87 
decrease in inventory items of expenses). This $2,415.94 in- 
come was received throughout the year with most of it as 
weekly milk checks, making it possible to meet the operating 
expenses as they arose. Crop sales then provided the margin 
of profit. This is a major improvement over the economic 
situation of many farmers in the Southeast who depend on 
one or two cash crops for all their income. 


SUMMARY 


A farm unit of 100 acres was begun in 1941 on the South- 
ern Piedmont Conservation Experiment Station and operated 
by the tenant to test under actual farm conditions conserva- 
tion practices developed on the Station. 


Cropping practices were employed on the land to give ero- 
sion control, soil improvement, and adequate farm income. 
Row crops were concentrated on the lesser slopes and the pro- 
tective crops increased on the steeper land. 

Two mules were sufficient power for producing 25 acres 
of row crops and 25 acres of Kobe lespedeza, but could not 
satisfactorily produce the 25 acres of small grain in rotation 
with the row crops. Needed pasture development could not 
be done with the two mules. Kudzu (7.5 acres) and sericea 
lespedeza (12.5 acres) were successfully planted with the 
mules. 


As the conservation plan was developed through the years, 
1941 to 1946, the cotton was reduced from 17 to 8 acres and 
hay increased from 6 to 17 acres. Nevertheless the total value 
of crops produced based on uniform prices, remained prac- 
tically constant during this period. 

The full development of the cropping system made pos- 
sible the use of dairy cattle in the farm plan for greater in- 
come. 

The small grain in rotation cropland, crimson clover in 
the permanent sod pasture, and the sericea and kudzu on the 
steeper and more severely eroded areas supplemented the grass 
pasture to give nearly year-round grazing for the cattle. 

Comparative records of income and costs, based on uni- 
form prices, showed that in 1941, from crop production alone, 
the farm income was $1,320.77 and in 1946 from crops and 
livestock it was $1,749.29. 

The sales of livestock and livestock products, when the full 
conservation and livestock programs were in effect, were dis- 
tributed throughout each week of the year and amounted to 
more than the total farm operating expenses. The sale of 
surplus crops provided the margin of profit. 
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Analytical Procedures for Determining the Effect 
of Land Use on Surface Runoff 


By W. D. Potter 


cated near Hastings, Nebraska, is one of the research. 

projects of the Soil Conservation Service*. W-III and 
W-V are two watersheds included in this project on which 
measurements of rainfall and surface runoff have been made 
for the period 1939-46. Watershed W-III has an area of 481 
acres, 15 per cent of which has been kept in pasture, 2 per 
cent in meadow, 80 per cent in cultivation, and 3 per cent in 
other uses. Watershed W-V has an area of 411 acres, 11 per 
cent of which has been kept in pasture, 9 per cent in meadow, 
77 per cent in cultivation, and 3 per cent in other uses. The 
crops and tillage practices for both watersheds were essen- 
tially the same for the period of record'i. It is now planned 
to change the land use for one of the watersheds while the 
land use for the other is kept unchanged. It is the purpose of 
this paper to outline analytical procedures designed to meas- 
ure the effect of this proposed change in land use upon the 
rates and amounts of surface runoff. 

The first section of the paper deals with procedures for 
testing the normalcy of the rainfall experienced during the pe- 
riod of record and the ‘second section with the analysis of 
the surface runoff. 


NORMALCY TESTS FOR RAINFALL 


Although rainfall is only one of the many factors that 
affect surface runoff, it is one of the important factors. Man 
may control such cultural practices as crops and tillage; he 
may minimize the effect of physiographical differences by the 
careful selection of comparable watersheds, but he has no 
control over the rainfall that may be experienced during the 
life of an experiment. The first step in the analysis .of any 
hydrologic data should be to compare the rainfall experienced 
during the period of record with that experienced over a long 

eriod of years. In other words, the rainfall experienced dur- 
ing the period of record should be tested to determine how 
good a sample it is of the normal rainfall defined by long-time 
records. For the Hastings data this test was applied only to 
the intensities and amounts of rainfall. 

Rainfall intensities may usually be tested as to the num- 
ber of excessive storms and as to the magnitude of intensities 
that may be expected for various recurrence intervals. 

Excessive Storms. The following tabulation shows the 
number of excessive storms for the period of record as com- 
pared with Yarnell’s 30-yr average?. 


T: Central Great Plains Experimental Watershed lo- 


TABLE 1. NUMBER OF EXCESSIVE STORMS 
Station B38R (Meteorological Station) Hastings, Nebraska 
Yarnell’s 

Aver- 30-year 

Year - °39 40 ‘41 '42 °43 '44 45 ‘46 Total age average 

6 months 

(Aus-Oct.) 6 2488 65 2 41 5.1 5.3 

Calendar 

year S, 2-25 Oe Gr S. 12 43 5.4 5.6 ‘ 


Of the 43 excessive storms that occurred during the period 
of record, 41 storms occurred during the 6-mo period of April 
to October. The average for this 6-mo period agrees very 
closely with Yarnell’s 30-yr average, as does the average num- 
ber per calendar year. From this comparison it may be as- 
sumed that, in so far as the number of excessive storms are 


This paper was presented at the annual meeting of the American 
Society of Agricultural Engineers at Philadelphia, Pa., June, 1947, as 
a contribution of the Soil and Water Division. 

W. D. Portrer is soil conservationist, Soil Conservation Service 
(Research), U. S. Department of Agriculture. 


*All work on this project is done in cooperation with the Nebraska 
Agricultural Experiment Station. 
¢Superscript numbers refer to appended references. 


concerned, the period of record is a normal sample. 

Magnitude of Intensities for Various Recurrence Intervals. 
The magnitude and frequency of rainfall intensities were test- 
ed by comparing the maximum record intensities for 15, 30, 
and 60 min with those obtained by Yarnell from long-time 
rainfall records. The maximum 15-min intensity for each year 
was tabulated in a descending order of magnitude. Plotting 
positions were calculated from the formula: F=(2N—2M 
+1)/(2M—1), in which F=the plotting position, N = length 
of record in years, and M= order number of item (highest 
= 1, next = 2, etc.)%. The intensities versus frequencies of oc- 
currence were plotted on log-log graph paper with intensities 
as ordinates and frequencies of occurrence (calculated plot- 
ting positions) as abscissas. An average curve for the plotted 
points was then calculated by least squares. The plotting po- 
sition for frequencies of occurrence of once in 2 yr; once in 5, 
10, 25, and 50 yr, was determined by assuming a 50-yr record 
and solving for F in the above formula. Yarnell’s values of 
15-min intensities for these frequencies were then plotted on 
the graph and an average curve drawn through the points. 
Since the Yarnell values plotted so nearly in a straight line, 
the average curve was not calculated but was fitted by eye. 
This same procedure was followed in comparing maximum 
30 and 60-min intensities. A summary of these comparisons 
is given in Table 2. 


TABLE 2. RAINFALL INTENSITIES (INCHES PER HOUR) 
15-min intervals 


Recurrence interval once in 2yr Syr 10yr 25yr SO0yr 

Record intensities 3.00 3.78 4.30 5.20 6.20 

Yarnell intensities 3.65 4.40 5.00 473 6m 
30-min intervals 

Record intensities 1.95 2.47 2.85 3.48 4.20 

Yarnell intensities 2.43 3.05 3.58 4.25 5.10 
60-min intervals : 

Record intensities 1.25 1.48 1.65 1.90 2.18 

Yarnell intensities 1.60 1.95 2.23 2.69 3.05 


Table 2 indicates that the magnitude of rainfall intensities 
for the period of record was below the normal defined by long- 
time U.S. Weather Bureau records. This fact would have to 
be taken into account in any analyses of runoff records for 
that period. For example, suppose that peak rates of runoff 
for a 25-yr recurrence interval had been determined from an 
analysis of the runoff records. These peak rates would have 
had to be increased so that they would be comparable with 
the peaks that would have resulted if the rainfall intensities 
had. been normal. In the analysis of runoff, presented later in 
this paper, the purpose is to compare the differences in runoff 
between two watersheds during the 8-yr period (1939-46) with 
the differences between the same watersheds for some future 
period. During this second period, the land use for one of 
the watersheds will have been changed. To determine the dif- 
ferences in runoff that might be expected over a long period of 
years as a result of this change in land use, it is planned to 
make a similar analysis of rainfall intensities for the second 
period. The runoff differences between the two watersheds for 
both periods will then be adjusted to conform with the normal 
rainfall intensities and the changes in runoff calculated from 
these adjusted values. 

Before passing on to the next step in the analysis of rain- 
fall data, a word of caution should be inserted concerning 
the use of Yarnell’s rainfall intensity values?. These values 
were derived from data obtained from a tipping-bucket type 
of raingage and tabulations of the amount of rainfall were 
made at 5-min intervals. True maximum intensities can be ob- 
tained from such tabulations only when the changes in intensi- 
ties occur at the beginning or end of a 5-min interval. When 
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the maximum intensities begin or end near the middle of a 
5-min interval, the calculated maximum intensity will be less 
than the actual intensity. For this reason, Yarnell’s values 
should be increased approximately 8 per cent for 15-min in- 
tensities, 7 per cent for 30-min intensities, and 4 per cent for 
60-min intensities. : : 

In drawing the lines of equal amounts of rainfall for 
various periods of time, Yarnell probably ignored minor weath- 
er irregularities that his data showed to be local in areal ex- 
tent. Another source of possible error occurs in the interpo- 
Jation between any two isohyetals. In making such an interpo- 
lation, the assumption must be made that the rate of change 
in rainfall amounts between the isohyetals is constant. This 
assumption is not necessarily true. For these reasons, it is ad- 
visable to check Yarnell’s values with the records from the 
nearest first order. Weather Bureau stations in determining 
normal intensities for any locality. ; 

It is, therefore, planned to check Yarnell’s values of rain- 
fall intensities for Hastings with records from the Weather 
Bureau stations at Lincoln and North Platte, Nebraska, and 
Concordia, Kansas. Because of this pending check, Yarnell’s 
values given in Table 2 were not increased by the recom- 
mended percentages*. 


Amounts of Rainfall. A procedure similar to that de- 
scribed for rainfall intensities was used to test the normalcy 
of the rainfall amounts during the period of record. Since 
96 per cent of the total number of excessive storms, as well as 
83 per cent of the total rainfall and 91 per cent of the total 
runoff for the period of record occurred during the 6-mo grow- 
ing season from April to October, the rainfall for this period 
rather than the annual rainfall was used in this test. Amounts 
of rainfall for this 6-mo period were tabulated for each year 
of record. Frequencies were determined from the formula, 
F=(2N—2M+1)/(2M—1), the amounts of rainfall versus 
frequencies plotted on log-log graph paper, and a least squares 
curve computed®. A similar curve was then computed from 
the records of the Weather Bureau station at Hastings for the 
43-yr period, 1895 to 1937. A comparison of the amounts of 
rainfall obtained from the two curves for various recurrence 
intervals is shown in Table 3. 


TABLE 3. AMOUNTS OF RAINFALL FOR 6-MONTH PERIOD 
(APRIL-OCTOBER) IN INCHES 


Recurrence interval once in 2yr Syr 10yr 25yr SOyr 
Period of'record (1939-46) 17 24 29 38 49 
Weather Bureau records (1895-37) 18 24 28 34 4l 


It is doubtful if a probability curve computed from only 
8 yr of record can be extrapolated with a reasonable degree of 
accuracy beyond the 25-yr recurrence interval. Within this 
limitation the values derived from the two curves agree very 
closely, and it may be assumed that the amounts of rainfall 
experienced during the period of record were normal. 

Summarizing the results of the rainfall tests, we find that 
the number of excessive storms and the amounts of rainfall 
for the period of record compared favorably with the normal 
as defined by long-time Weather Bureau records. The maxi- 
mum rainfall intensities were found to be below normal al- 
though the final decision will be held in abeyance pending a 
check of the Yarnell values. 


ANALYSIS OF SURFACE RUNOFF 


As stated previously, the purpose of this report is to out- 
line analytical procedure for determining the effect of a change 
in land use on rates and amounts of surface runoff. The effect 
of this changed land use can be measured if relationships be- 
tween the peak rates of the two watersheds and between their 
total runoffs can be determined for the initial period and com- 
pared with similar relationships for the final period. The dif- 
ferences between the initial and final relationships would then 
be a measure of the effect of the changed land use, provided 


that the rainfall experience for the two periods had been 
Similar. 

*Since this paper was written, probability curves were computed 
from the 20-year rainfall record at Lincoln, and the intensities were 


found to agree very closely with those obtained from the Hastings 
records. 
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Three plans were considered for obtaining the relationships 
between the peak rates of runoff from the two watersheds. 


Peak Rates Versus Rainfall Intensities. The first of these 


‘plans was to determine the relationship between rainfall in- 


tensities and peak rates for each watershed. With such a rela- 
tionship established, it would then be possible to compare peak 
rates from the two watersheds for all values of rainfall in- 
tensity. 

The success of such a plan would depend upon the truth 
of the assumption that rainfall intensity is the principal factor 
affecting peak rates of runoff. The analysis of runoff data 
from small watersheds located in many parts of the country 
has proven the fallacy of this assumption. Although it is true 
that rainfall intensity is one of the factors affecting surface 
runoff, it has been shown to be only one of the raany factors 
and not necessarily the dominant one. In the light of these 
facts, it was evident that the relationship between rainfall in- 
tensities and peak rates of runoff could only be determined 
if the effect of all other factors could be kept constant. Since 
it obviously was not feasible to attempt to control all these 
other factors, this method for determining peak rate compari- 
sons between the two watersheds was abandoned. 


Direct Comparison of Peak Rates. The second plan that 
was considered was to make a direct comparison of the peak 
rates from the two watersheds for each storm during the period 
of record. The peak rates from one watershed would be plot- 
ted against the corresponding peak rates from the other water- 
shed and an average curve would then be computed. 

Although the watersheds are approximately only a mile 
and a half apart, an examination of the rainfall showed that 
for any individual storm both the rainfall intensities and the 
amount of rainfall varied considerably between the two water- 
sheds. A method of correcting for these differences in rainfall 
was used by Baird in his analysis of the peak rates of runoff 
from two watersheds of the Blacklands Experimental Water- 
shed‘. Briefly, this method consists of tabulating for each 
watershed and for each storm the difference between the maxi- 
mum rainfall intensity for the estimated time of concentration 
and the peak rate of runoff. These values for one watershed 
are then plotted against the corresponding values for the other 
watershed and a straight line (computed by least squares) 
drawn amongst the points. In the equation of this line, y= 
ax+b, (P—r) is substituted for y and (P,—r,) substituted 
for x, P and P, being the rainfall intensities and r and r, the 
peak rates of runoff for the two watersheds. The rainfall in- 
tensities P and P, are then assumed to be equal and the equa- 
tion is solved for the peak rate of runoff from one watershed 
in terms of the peak rate and the rainfall intensity for the 
other watershed. Using this modified equation and the record 
peak rates and rainfall intensities for one watershed, cor- 
responding values of peak rates are computed for the other. 
The record peak rates from the one watershed are then plot- 
ted against the corresponding computed peak rates for the 
other watershed, and the relationship is expressed by a straight 
line computed by least squares. This same procedure could be 
followed for the second period during which the land use for 
one of the watersheds had been changed. The difference in 
the peak rate relationships for the two periods would be taken 
as a measure of the effect of the changed land use. (The limi- 
tations of this method for determining the effect of land use 
on surface runoff are discussed later in this report. ) 

It is planned to apply the above procedure to the Hastings 
data as soon as a complete tabulation of rainfall intensities 
and peak rates of runoff are completed. 


Probability Curves. The third plan that was considered as 
a means for determining the effect of land use on the peak 
rates of surface runoff was to plot the peak rates for the first 
comparative period against their probable frequency of occur- 
rence. This would be done for the peak rates from each of 
the two watersheds and average curves computed for the plot- 
ted points. The relationship between the peak rates of the two 
watersheds would then be determined by plotting the peak 
rates (curve values) for various frequencies for one watershed 
against the corresponding peak rates (for the same frequen- 
cies) for the other watershed. This procedure would be re- 
peated for the second comparative period and the difference 
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in peak rate relationships taken as a measure of the changed 
land use. 

_ In general, probability curves fall into one of two classes. 
In one, only the highest peak rate per unit of time is consid- 
ered. The probable frequency of Occurrence is computed in 
terms of the average number of time units that might be ex- 
pected to elapse before a given peak rate would be equalled 
or exceeded. Thus a frequency of occurrence of once in 5 yr 
would mean that a designated peak rate could be expected to 
be equalled or exceeded on an average of one year in 5 yr. 
During that one year, however, the designated value might be 
equalled or exceeded several times or only once. 


The second class of probability curve considers all peak 
rates above a predetermined base. The probable frequency of 
occurrence is computed in terms of the average number of 
times that a given peak rate will be equalled or exceeded in 
some interval of time. Thus a frequency of five times in 25 yr 
would mean that a designated peak rate could be expected to 
be equalled or exceeded on an average of five times in 25 yr. 
These five times, however, might occur all in one year, or 
they might be distributed over several years. 


Both of these general types of probability curves have their 
distinct uses in estimating the frequency of flood occurrences. 
In determining changes in peak-rate relationships between two 
watersheds during two comparative periods, either or both 
types should prove useful. ; 


Four generally accepted methods for computing the class 
one type of probability curves were considered in this paper. 


1 Brandt's Probability Curve®. This probability curve was 
used in the comparisons of rainfall data and the procedure 
for computing it has already been explained. A comparison 
of the peak rates for the two watersheds for various recur- 
rence intervals is shown in Fig. 1, and in Table 4. 


TABLE 4. PEAK RATES OF SURFACE RUNOFF 
(CFS PER ACRE) 


Recurrence interval once in 2yr Syr 10yr 25yr S50yr 
W-III 0.32 0.68 1.10 2.06 3.80 
W-V 0.24 0.69 1.34 3.26 7.67 
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2 Gumbel’s Probability Curve*®»*. Gumbel computed the 
frequency of occurrence of the highest and lowest of a series 
of peak rates of runoff as a function of the number of 
items in the series. The frequency of the intermediate peak 
rates are then determined by prorating the difference between 
these two values. The peak rates are plotted against these 
frequencies on an especially prepared graph paper and an 
average straight line computed by least squares. Fig. 2 and 
Table 5 show the peak rates for the Hastings watersheds ‘or 
various recurrence intervals as computed by this method. 


TABLE 5. PEAK RATES OF SURFACE RUNOFF 
(CFS PER ACRE) 


Recurrence interval once in 2yr Syr 10yr 25yr Slyr 
W-III 0.41 0.78 1.02 1.34 1.56 
W-V 0.38 80.73 0.96 1.26 1.47 


3 Foster's Probability Curve (Pearson's Type 1)7-8. Foster 
tabulated peak rates of runoff in a descending order of mag- 
nitude and determined the frequency of occurrence from the 
formula F=(M-—0.5)/N, in which M equals the order nun- 
ber of the item and N equals the total number of items. The 
peak rates are then plotted against the corresponding frequen- 
cies on log-probability paper. A skew coefficient is then com- 
puted from the series of peak rates and this coefficient is used 
to correct Pearson’s Type I probability curve. This curve, cor- 
rected for skew, is then plotted on the same log-probability 
paper as were the peak rates of runoff. Fig. 3 and Table 6 
show the peak rates computed by this method for the two 
watersheds. 


TABLE 6. PEAK RATES OF SURFACE RUNOFF 
(CFS PER ACRE) 
Recurrence interval once in 2¥t¢ S¥r 10yr (2yt SOR 
W-Ill 0.29 0.60 0.88 1.26 1.52 
W-V 0.35 0.67 0.85 1.06 1.16 
4 Foster's Probability Curve (Pearson's Type Il1)*»*. The 


procedure for computing this curve is the same as for the 
Pearson's Type I curve, except that the skew coefficient is dif- 
ferent and is used as a correction for Pearson’s Type III prob- 
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ability curve. The peak rates of runoff computed by this 
method are shown in Fig. 4 and in Table 7. 


TABLE 7. PEAK RATES OF SURFACE RUNOFF 
(CFS PER ACRE) 


Recurrence interval once in 2yr Syr 10yr- 2Syr sSOyr 
W-Ill 0.31 0.60 0.85 1.20 1.49 
W-V 0.35 0.65 0.83 1.04 1.19 


Table 8 shows a comparative summary of the peak rates 
obtained for W-III and W-V from the four probability curves. 


- TABLE 8. PEAK RATES OF SURFACE RUNOFF 
(CFS PER ACRE) 


Recurrence interval once in 2y9r Syt 109r 257r SOy¥r 
Watershed W-III 

Gumbel 0.41 0.78 1.02 1.34 1.56 

Foster, Type I 0.29 0.60 0.88 1.26 1.52 

Foster, Type III 0.31 0.60 0.85 1.20 1.49 

Brandt 0.32 0.68 1.10 2.06 3.80 
Watershed W-V 

Gumbel 0.38 860.73 0.96 1.26 1.47 

Foster, Type I 0.35 0.67 0.85 1.06 1.16 

Foster, Type III 0.35 0.65 0.83 1.04 1.19 

Brandt 0.24 0.69 1.34 3.26 7.67 


It will be noted that there is a fairly close agreement be- 
tween the values obtained from the two Foster-type curves 
and those from the Gumbel curves. Compared with the Gum- 
bel values the per cent difference for W-III varies from 4 per 
cent for 50-yr recurrence intervals to approximately 26 per 
cent for 2-yr intervals and averages 15 per cent. For W-V 
the per cent difference varies from 8 per cent for 2-yr recur- 
rence intervals to 20 per cent for 50-yr intervals and averages 
14 per cent. The values obtained from the Brandt-type curves 
agree fairly well with those obtained from the other curves 
within the range of the period of record (0-8 yr) but differ 
widely for recurrence intervals greater than 10 yr. 

{t should be remembered that in this analysis we are inter- 
este not so much in the numerical value of the peak rates as 
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we are in the change in peak rate relationships that may have 
taken place during the second comparative period. Peak rates 
obtained from each of the four probability curves for any re- 
currence interval could differ widely with each other for both 
comparative periods. The changes in the peak rate rela- 
tionships, however, might be very similar regardless of which 
type of probability curve was used in its determination. A 
probability curve, therefore, should not be discarded simply 
because it does not coincide with other curves. The criteria 
as to which of the curves should be selected and the weight to 
be given to those selected should be twofold. First, how closely 
does the curve fit the plotted points? Secondly, does the curve 
express a relationship which seems reasonable, in the light of 
what is known about the phenomenon being studied? 


Statistics provide us with the procedure for making the 
first test, the calculation of the standard error of estimate. 
The standard error of estimate defines the limits of deviation 
from the curve that may be expected for approximately two- 
thirds of the plotted points. To calculate the standard error, 
the difference between the theoretical or curve value and the 
actual value is tabulated for all plotted points. The sum of 
the squares of these differences is then divided by the number 
of items to obtain the average. The square root of this aver- 
age is the standard error of estimate. 


The standard error of estimate was computed for each of 
the four types of probability curves as shown in Table 9. 


TABLE 9. STANDARD ERRORS OF ESTIMATE 
(CFS PER ACRE) 


Type of probability curve Brandt Gumbel Foster I Foster III 
W-III 0.12 0.10 0.09 * 0.09 
W-V 0.36 0.10 0.11 0.11 


It will be noted that the standard error for the Brandt- 
type curve for W-V is more than three and one-half times 
that for the other curves. This would indicate that this type 
curve is not suited for the distribution of peak rates presented 
by the W-V data and, therefore, should not be considered in 
any determination of changes in peak rates between the com- 
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parative periods. The standard errors for the other three types 
of curves are small and approximately equal so that all three 
can be considered to have passed the first test. 


Before applying the second test it would be well to con- 
sider briefly some of the physiographic factors that affect the 
rate of surface runoff to determine how their effect might be 
expected to vary with different rainfall and antecedent soil 
moisture. 

Permeability of the soil, its depth and porosity, and drain- 
age density are three important physiographic factors that 
affect the rate of surface runoff. Until the time when the soil 
on two watersheds becomes saturated, the watershed having 
soils of lower permeability could be expected to have the high- 
er peak rates of runoff, the difference being a constant ap- 
proximately equal to the difference in the infiltration rates of 
the soils. When the soils of both watersheds had become 
saturated the difference in permeability would no longer be 
effective and the peak rates would approach equality. 


For storms during which the soil of neither of two water- 
sheds became saturated, differences in depth and porosity of 
the soils would not affect the peak rates of surface runoff. 
For storms during which the shallow soil of one watershed 
became saturated but not the deep soil of the other, the water- 
shed with the shallow soil could be expected to have higher 
peak rates. The difference would be approximately equal to 
the infiltration rate of the non-saturated soils. For storms 
during which the soils of both watersheds became saturated, 
the peak rates could again be expected to approach equality. 

Watersheds having the most efficient collecting system, 
that is, the largest drainage density, could be expected to have 
the highest peak rates of surface runoff up to the time when 
the runoff exceeded the channel capacities. During flood pe- 
riods, however, the capacity of the principal drainage ways 
could be expected to be exceeded and the effect of the more 
rapid collecting system in increasing peak rates would be mini- 
mized. Peak rates would approach a constant difference equal 
to the difference in the capacity of the principal drainage 
channels. 

An examination of Figs. 1, 2, 3, and 4, shows that the two 
Foster-type probability curves give values that would indicate 
that the peaks from W-III could be expected to exceed those 
from W-V by increasingly larger percentages. The Brandt- 
type curves (already discarded because they did not fit the 
plotted points) indicate that the reverse could be expected. 
That is, that the peaks from W-V could be expected to exceed 
those from W-III by even greater percentages. The Gumbel- 
type curves give values indicating that the peak rates from 
W-III could be expected to exceed those from W-V by a small 
constant percentage. These observations are also shown in 
Table 10, in which the ratio of the peak rates from W-III to 
those from W-V is tabulated for various recurrence intervals 


TABLE 10. RATIO OF PEAK RATES FROM W-III TO 
PEAK RATES FROM W-V (PER CENT) 
Recurrence Foster Foster 
interval, yr (Type 1) (Type III) Brandt Gumbel 
2 83 89 134 107 
5 90 92 98 107 
10 104 102 82 107 
25 119 116 63 107 
50 131 125 50 107 


In the light of the preceding discussion concerning the re- 
action under flood conditions of some of the principal factors 
that affect the magnitude of peak rates, the relationship indi- 
cated by the Gumbel curves would seem to be the most rea- 
sonable. Accordingly, the Gumbel curves will be given more 
weight than the Foster types in comparing the relationships 
between the peak rates from the two watersheds for the first 
and second comparative periods. 


The four probability curves considered so far have all 
been of the class one type. That is, only the highest peak rate 
per year was used in their derivation. It is also planned to com- 
pare the peak rates of the two watersheds by computing class 
two type probability curves for which all the peak rates above 
a predetermined minimum will be considered. This was not 
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done at this time’ pending a complete tabulation of the 1946 
peak rates. | 


Amounts of Surface Runoff. The same three plans of 
analyses that were considered for the peak rate comparisons 
were also considered in determining the relationship between 
the amounts of surface runoff from the two watersheds. As 
previously stated, 96 per cent of the total number of excessive 
storms, 83 per cent of the total rainfall, and 91 per cent of 
the total runoff for the period of record occurred during the 
6-mo periods beginning with April and ending in September. 
The surface runoff for this period rather than the annual 
amount was used in determining the relationships between the 
two watersheds. 


Total Rainfall vs. Total Runoff. The same discrepancies as 
were observed in the study of peak rates were found to exist 
between total rainfall for individual storms and the total run- 
off. For the same total rainfall the amounts of runoff were 
found to vary widely. This wide variation is no more than 
could be expected when it is remembered that the amount of 
rainfall is only one of many factors affecting the amount of 
surface runoff. A rain of a given amount falling upon nearly 
saturated soil with sparse vegetal cover would be expected to 
produce more surface runoff than the same rain falling upon 
dry soil with a dense vegetal cover. 


In some localities it has been found that, if the total rain- 
fall and runoff are considered for a period of months instead 
of for individual storms, a relationship between them can be 
established. This would only be true when the combination 
of factors that determine the amount of runoff have been simi- 
lar throughout periods for which the rainfall amounts have 
been the samé. For example, it would seem probable that dur- 
ing dry periods of little rainfall the amounts of rain falling 
upon dry soil would be approximately the same. If the type 
and pattern of the runoff-producing storms and the kind and 
density of vegetal cover were also similar, the amounts of run- 
off would be approximately equal. Similarly for wet periods 
of equal rainfall it would seem probable that approximately 
the same amounts of rain would fall upon wet soils. If the 
= factors were also similar, equal amounts of runoff would 
result. 

A study was made to determine if such a relationship 
could be established for the Hastings data. Six-month amounts 
of rainfall for both watersheds were plotted against corre- 
sponding amounts of runoff. These values were plotted on 
semilogarithmic paper and average straight lines computed by 
least squares. The standard errors of estimate for the two 
curves were 0.47 in for W-III and 1.35in for W-V. These 
standard errors indicated a poor fit for the plotted points, 
especially for those of W-V. Besides being a poor fit, the 
curves when extrapolated much beyond the range of the ex- 
perimental data gave values for runoff that were two or three 
times the value of the corresponding rainfall. 


The next step was to determine if a better fit could be ob- 
tained with another type curve. The rainfall and runoff values 
were replotted on cartesian paper and average curves of the 
type y=a+bx+ cx? were computed by least squares. The 
standard errors of estimate for these curves were found to be 
0.31 in for W-III and 0.72 in for W-V. Not only were the 
standard errors much less than the 0.47 in and 1.35 in found 
for the semilogarithmic curves, but the new curves when ex- 
trapolated gave reasonable values. One other statistical test 
was made, a study of variance to determine if the relation- 
ship expressed by the curves could be considered significant. 
From this study the conclusion was reached that both curves 
were significant and that the one for W-III was highly sig- 
nificant. 

A tabulation was prepared to show the amounts of runoff 
that might be expected from the two watersheds for various 
recurrence intervals. Values of rainfall for the recurrence in- 
tervals were obtained from the probability curve computed 
from the 43-yr rainfall record for Hastings. The rainfall versus 
runoff graphs were then entered with these amounts of rain- 
fall and the corresponding amounts of runoff tabulated. This 
comparison of runoff is shown in Fig. 5 and in the following 
tabulation. 
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TABLE 11. AMOUNTS OF RAINFALL AND SURFACE RUNOFF 
(INCHES) 

Recurrence interval once in 2yrs Syrs 10yr 25yr 

6-mo rainfall (1895-1937 records) 18 24 28 34 

6-mo runoff from W-III 1.79 3.01 4.02 5.84 

6-mo runoff from W-V 1.45 2.71 3.80 5.87 


Direct Comparison of Amounts of Surface Runoff. As 
previously stated, it was found that the rainfall for the two 
watersheds differed in both intensities and amounts for indi- 
vidual storms. This was also found to be true when the rain- 
fall data for 6-mo periods for the two watersheds were com- 
pared. It was evident that a relationship between amounts of 
surface runoff could not be obtained from a direct comparison 
of these values unless some correction was applied to compen- 
sate for the unequal rainfall. 

The method used to accomplish this has already been de- 
scribed in the discussion on direct comparisons of peak rates. 
The differences between the 6-mo rainfall and 6-mo runoff 
from one watershed were plotted against corresponding values 
for the other watershed. The relationship was expressed by a 
straight line computed by least squares. The standard error of 
estimate was found to be 0.52 in and a study of variance showed 
the relationship to be highly significant. The equation of the 
straight line expressing this relationship was y=0.877x+1.51, 
in which y equalled the values of 6-mo rainfall (P) minus 
6-mo runoff (R) for W-III and x equalled corresponding 
values P, minus R, for W-V. When (P—R) is substituted 
for y and (P,—R,) substituted for x, the equation becomes 
(P—R)=0.877 (P,—R,)+1.51. If the rainfall had been 
equal for the two watersheds, P would have equalled P, and 
the equation could have been written R=0.123 P,—0.877 R, 
+1.51. Using this formula and the record values of rainfall 
and runoff for W-V, corresponding values of R were com- 
puted for W-III. The record values of R, (W-V) were then 
plotted against these computed values of R (W-III). The 
same procedure was followed in computing values of R, cor- 
responding to record values of rainfall and runoff for W-III. 
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The record values of R (W-III) versus the computed values 
of R, (W-V) were also plotted on the graph. The relation- 
ship between R and R, was expressed as a straight line com- 
puted by least squares. The standard error of estimate was 
found to be 0.56 in and the relationship expressed by a straight 
line to be highly significant. The comparison of surface runoff 
from the two watersheds as derived by this method is shown 
in Fig. 6 and in Table 12. 


TABLE 12. AMOUNTS OF SURFACE RUNOFF (INCHES) 
6-mo runoff from W-III . 1.00 2.00 3.00 4.00 5.00 6.00 
6-mo runoff from W-V 0.75 1.350 2.23 297 370 4% 


For simplicity in the following discussion the procedure 
just described will be referred to as Plan II. Likewise the pro- 
cedure in which the comparison of runoffs is made by first 
establishing relationships between amounts of rainfall and 
amounts of runoff, will be referred to as Plan I. 

Table 13 shows a comparison of the amounts of runoff for 
W-V obtained by Plans I and II and corresponding to various 
amounts of runoff for W-III. 


TABLE 13. AMOUNTS OF SURFACE RUNOFF (INCHES) 
6-mo runoff, W-III 1.00 2.00 3.00 4.00 5.00 6.00 
Plan I, 6-mo runoff, W-V 0.75 163 2.63 3.80 490 6.10 
Plan II, 6-mo runoff, W-V 0.75 1.50 223 297 3.70 4.45 


An examination of Table 13 and Figs. 5 and 6 shows that 
within the range of the experimental data (0 to 3.8in) both 
plans give amounts of runoff that are fairly close. Beyond 
this range, however, the differences become increasingly greater. 
Statistical tests indicate that there is little to choose between 
the accuracy that might be expected from the two plans. The 
standard errors of estimate for the two curves used in Plan I 
are 0.31 in and 0.72 in as compared with 0.52 in and 0.56 in 
for the curves used in Plan II. All curves were found to be 
significant. 

Plan II assumes that the relationship between amounts of 
runoff for the two watersheds can be expressed as a straight 
line. This could be true only if the factors that affect surface 
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runoff reacted similarly for the two watersheds for all values 
of rainfall. It has been shown in the discussion of the reac- 
tions of some of these factors that such a similarity is unlikely. 
A more plausible assumption is that, for periods when the rain- 
fall amounts are small, the differences between the amounts 
of runoff for two watersheds would be relatively small and 
due primarily to differences in infiltration opportunity and in- 
filtration rates. If, in addition to lesser infiltration opportunity 
and infiltration rates, one watershed had shallower soils, then 
for periods when the rainfall amounts were greater, the runoff 
differences could be expected to increase. This would be due 
to the fact that the soils of shallow depth would have become 
saturated more often during the period than would the deep 
soils. For periods when the rainfall amounts were excessive, 
the runoff differences could be expected to approach equality. 
The soils of both watersheds wou!d then have become satu- 
rated approximately the same number of times and the effect 
of unequal infiltration rates would be minimized. 


The relationship derived from Plan I agrees much more’ 


closely with what might reasonably be expected than does that 
derived from Plan II. Plan I shows that, for increasing 
amounts of rainfall, the differences in runoff amounts increase 
to a maximum of 0.37 in and then approach 0.00 in as the 
rainfall amounts are further increased. Plan II, however, 
shows ever-increasing differences in runoff amounts. 

The above discussion illustrates the danger in extending a 
statistical curve much beyond the range of experimental data 
without first making a careful analysis of all the factors in- 
volved. Within the range of experimental data, a straight 
line might be the best statistical fit for the plotted points and 
within this range give fairly accurate values. This does not 
mean, however, that the straight line would still have been 
the best fit if a wider range of experimental data had been 
available. 

Probability Curves. In some localities it may not be pos- 
sible to establish a sufficiently accurate relationship between 
amounts of rainfall and amounts of runoff. In such cases 
probability curves may be used to make comparisons of the 
amounts of runoff from two watersheds. 


A Gumbel-type curve was computed for each of the Hast- 
ings watersheds. Six-month amounts of runoff for each water- 
shed were then computed from these curves for various recur- 
rence intervals. A comparison of these amounts is shown in 
Fig. 7 and in Table 14. 


TABLE 14. AMOUNTS OF SURFACE RUNOFF (INCHES) 


Recurrence intervals once in 2yr Syr 10yr 25yr 
6-mo runoff from W-III 1.86 3.05 3.83 4.83 
6-mo runoff from W-V 1.66 3.26 4.30 5.05 


A comparison of these values with those obtained by Plan 
I is shown in Table 15. 


TABLE 15. AMOUNTS OF RAINFALL AND SURFACE RUNOFF 
(INCHES) 

Recurrence intervals once in 2ar «Sor 10yr 25yr 

6-mo rainfall (1895-1937 records) 18 24 28 34 
6-mo runoff from W-III 

Plan I 1.79 3.01 4.02 5.85 

Probability curve 1.86 3.05 3.83 4.83 
6-mo runoff from W-V 

Plan I 1.45 2.71 3.80 5.87 

Probability curve 1.66 3.26 4.30 5.65 


The values obtained from the probability curves compare 
fairly closely with those obtained from Plan I. For W-III, the 
difference varies from one per cent for a recurrence interval 
of Syr to 17 per cent for 25-yr intervals. The average differ- 
ence is approximately 6 per cent. For W-V, the differences 
vary from 4 per cent for a recurrence interval of 25 yr to 20 
per cent for 5-yr intervals. The average is approximately 13 
per cent. 

It will be noted that the Plan I values for W-III equal or 
exceed those for W-V. The probability curves, however, in- 
dicate that with the exception of the 2-yr recurrence interval, 
the reverse is true. This apparent discrepancy is explained 
when it is remembered that the Plan I values were obtained 
for equal amounts of rainfall on the two watersheds, whereas 
the probability curves were computed from the record amounts 
of runoff resulting from actual rainfall. Table 16 shows that 
the actual rainfall was not equal for the two watersheds. 


TABLE 16. APRIL TO OCTOBER PRECIPITATION IN INCHES 


W-II wey 
26.80 28.02 
23.86 25.45 
20.25 21.46 
19.16 18.87 
18.16 18.48 
13.84 13.89 
12:52 11.19 

8.14 7.66 


For the two years when the rainfall was between 18 and 
20 in, the amounts falling on the two watersheds were ap- 
proximately equal. Rainfall within this range can be ex- 
pected once every two years. For this recurrence interval both 
Plan I and probability curves show the amount of runoff from 
W-III to be greater than that for W-V. For each of the three 
years when the rainfall was greater than 20 in, the amounts 
falling on W-V exceeded those on W-III by approximately 
1.25in. This probably accounts for the fact that the proba- 
bility curve values of runoff are greater for W-V than for 
W-III for those recurrence intervals when these higher amounts 
of rainfall might be expected. 

The foregoing discussion illustrates one reason why direct 
relationships between amounts of rainfall and amounts of run- 
off are preferable to probability curves in making comparisons 
between amounts of runoff from two watersheds. Where such 
relationships cannot be established, however, probability curves 
can be expected to give fairly accurate results. 


SUMMARY 
The principal conclusions that have been made in this 
analysis are briefly summarized as follows: 


1 Comparisons of surface runoff from two watersheds 
should be reduced to the common denominator of normal 
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rainfall if the effect of changed land use is to be measured. 

2 Relationships between rates of rainfall and rates of sur- 
face runoff cannot ke established unless the many other fac- 
tors that affect surface runoff can be controlled. In some lo- 
calities it is possible to establish relationships between amounts 
of rainfall and amounts of runoff, provided that these amounts 
are for a period of months and not for individual storms. 

3 Direct comparisons of peak rates of surface runoff from 
two watersheds can seldom be made unless corrections are ap- 
plied for dissimilar rainfall. This is also true for direct com- 
parisons of runoff amounts. 

+ Relationships between surface runoff from two water- 
sheds can be determined by comparing probability curves 
computed from the runoff data for each watershed. The proba- 
bility curve selected should be the one that best fits the plotted 
poin's and at the same time expresses a relationship that seems 
reasonable. 

5 Relationships expressed by mathematical curves should 
not be extrapolated much beyond the range of the experi- 
men'al data unless a careful study is first made of all factors 
involved. 
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Discussion by Ralph W. Baird 


MEMBER A.S.A.E. 


oe problem analyzed in Mr. Potter’s paper is one that 
has been given much thought by all those concerned with 
runoff from agricultural lands. The numerous factors other 
than rainfall affecting rates and amounts of runoff have made 
the application of methods available for other studies difficult 
or impossible to use in these particular problems. 

All of us are very much interested in an attempt to adapt 
methods generally accepted for other studies to this particular 
problem. Mr. Potter’s work is a major contribution to the 
tools that are available to the hydrologists who are working 
on this subject. 

The difficulties inherent in the problem are frequently 
overlooked or not well understood. The effect of land use on 
runoff rates and amounts will vary greatly with the time of 
year and condition of the vegetation, previous rainfall, time 
since previous tillage operations and the nature of the storm. 

From results of the work at the Blacklands Experimental 
Watershed at Waco, Tex., there is little indication of an ap- 
preciable decrease in the amount of runoff from agricultural 
lands in this area with changes in land use. For certain indi- 
vidual storms this may not be true, but for longer periods and 
for those storms with runoff amounts causing floods of medium 
to extreme size, this does seem to be the case. Land use changes 
togcther with terraces have had a fairly consistent effect on 
the peak rates of runoff. As there has been no consistent re- 
duction in the amounts of runoff, this reduction in peak rates 
mus! be due largely to temporary storage, either in the soil or 
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by water held behind terrace ridges. For storms producing the 
larger floods, field conditions are such that the storing of a 
large amount of additional water in the soil is improbable. It 
then seems reasonable to credit the temporary storage in ter- 
race channels with the major portion of the reduction in peak 
runoff rates. This effect changes with the character of the 
storm and the depth of flow in terrace channels, but is one 
that will have some effect unless the terraces are overtonped 
or broken. 

Because of differences in soils, climate, and topography, 
results obtained from the Hastings areas should reasonably be 
expected to differ from those at Waco. At Waco, with a heavy 
Houston black clay, there are frequently periods when the soil 
profile to a depth of 8 or 10 ft has all moisture deficiencies 
satisfied and a very high percentage of any rainfall occurring 
after this condition has been reached, appears as surface run- 
off. This condition has been true on native meadow lands, as 
well as on cultivated fields. On the more permeable soils, with 
less rainfall, this condition should seldom, if ever, be ex- 
pected on the Hastings areas. 

Determining the effects of certain land-use treatments is 
difficult when natural areas of considerable size are used and 
results from plots fail to answer many important questions. 
The cost of equipping and operating such runoff measuring 
stations makes it necessary that as much information as pos- 
sible be obtained from a limited number of stations. Methods 
of analysis are of vital importance and even after analysis 
the hydrologist must use considerable judgment. If results 
seem unreasonable or not in accordance with other phenomena, 
the method of analysis must be carefully reconsidered. 

Another fact frequently given insufficient emphasis is that 
the effect of land-use treatments can be expected to have a 
maximum effect for small storms following dry periods and a 
minimum effect for larger storms or for intermediate-size 
storms following periods of heavy rainfall. 

The question to be answered is that of the effect of differ- 
ent land uses on surface runoff. Without very extensive field 
installations, I do not know of a better arrangement for this 
purpose than that used at Hastings. If a long period of record 
is available the use of probability curves appears to be a satis- 
factory method of analysis.. If the record is short, there may 
be a serious error when the curve is extended to include 25 or 
50-yr frequencies. The runoff measured for the period of rec- 
ord can easily be different from the normal even though the 
rainfall rates and amounts fit well into the long-time pattern. 

For peak rates of runoff the procedure used on the Waco 
data seems quite satisfactory to me. The differences between 
the two areas are quite well defined, the results from a few 
storms can be used as a measure of the effect of land use with 
some degree of reliability and with each additional storm there 
is an increase in the assurance that the curve is approaching 
a correct long-time position. With use of the probability 
method, several years of record would be required for an ap- 
proximation. 

The method used by Mr. Potter fits very well into the prob- 
lem of determining the frequency of peak runoff rates, and 
covers a part of the problem not discussed in the method used 
on the Waco data. Considerable work has been done on this 
problem of frequency of peak rates of different magnitudes. 
If the effect of land use can be determined for a number of 
storms throughout the range that can reasonably be expected, 
these data can be used when land use has been changed. 

There is no substitute for a record of considerable length 
if we use any of the methods considered by Mr. Potter or any 
others that I know of. If a period of record covers the high 
rates fairly well, it probably will give results that are safe to 
use following the method used at Waco. Use of the frequency 
method would be much more questionable if the rates occur- 
ring during the period of record seem to be above or below 
the normal. 

At Waco, analyses of records of amounts of runoff have 
not yet led to definite conclusions. It would seem that the ap- 
plication of adjustments for rainfall amounts is either more 
difficult than the adjustment for rainfall intensity or that soils, 
crops, and previous rainfall have a greater effect on the amount 
than the rate of runoff. 
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The methods outlined by Mr. Potter will be tried with the 
Waco data as soon as possible. From this method and others 
that have been used we should be able to develop reliable 
methods for recording the effects of different land-use prac- 
tices. In the work of developing these methods we should also 
obtain some factual data that will be of value to the engineer 
in planning conservation and flood control works. 


Discussion by L. L. Harrold 


MEMBER A.S.A.E. 


TUDIES of the effect of land use on surface runoff have 
received much attention in agricultural fields in recent years. 
As the Soil Conservation Districts needs for planning soil and 
water conservation programs increase, these studies attain 
greater importance. It is, therefore, timely that progress along 
these lines be presented to the agricultural engineering field. 

Mr. Potter’s paper does much towards explaining the com- 
plexity of the problem when only short-term data are avail- 
able. The various procedures he used for comparing the effect 
of different land use on runoff rates and amounts have been 
applied individually by others for numerous statistical prob- 
lems. It is well that the different procedures be focused on 
the same problem. In this way, their merit in this field can be 
compared. Consequently, one procedure might prove to have 
an advantage and could, therefore, be recommended for gen- 
eral use. 

I have also been concerned with the analysis of runoff data 
to show land-use effects. These studies are being made at the 
North Appalachian Experimental Watershed near Coshocton, 
Ohio. This is a USDA Soil Conservation Service research sta- 
tion and is operated in cooperation with the Ohio Agricultural 
Experiment Station. The topography, soils, and land use are 
typical of that in southeastern Ohio, western Pennsylvania, 
West Virginia, and parts of Kentucky. 

In this brief discussion all of the essential features of Mr. 
Potter's paper cannot be covered. I will confine my remarks 
mostly to the adjustments of peak rate curves to normalcy. 
Land use on the watersheds for which data are presented here- 
in was identical for only 3 yr. I feel that this period was too 
short to establish recurrence (frequency) relationships for 
either peak rates or runoff totals. Incidentally, Hobbs! and per- 
haps others do not agree with this. 

The author suggests that these short periods be tested for 
normalcy by comparing the number of excessive storms by 
months, the maximum rainfall intensities, and the amount of 
seasonal rainfall for the initial period with that for long-time 
records in the vicinity of the experimental area. He also rec- 
ognizes that rainfall factors are not necessarily the dominant 
ones affecting runoff. Although this last fact has been appar- 
ent for some time, attempts have been made to adjust short- 
term records to a long-term normal by comparing the short 
rainfall record with long Weather Bureau records. In fact, 
I did this a few years ago. Since that time, however, records 
from watersheds at this experiment station indicate that the 


rainfall factor alone is not a sufficient criterion to judge the - 


normalcy of sampling periods. 

For our soils, the volume of empty pores in the soil at the 
beginning of the storm is a very important factor governing 
runoff. Of course, this varies with volumes of antecedent 
rainfall entering the ground and moisture disposal factors such 
as evapo-transpiration and water percolation to greater depths. 
Maximum rainfall does not always produce maximum runoff. 
Some of the greatest flood peaks are caused by storm rainfall 
of less than greatest intensities (Table 1). 

A classic example of the same rainfall rates causing both 
low and high runoff peaks was found in 1945. On September 
20, a 15-min maximum rainfall rate of 2.52 in per hr resulted 
in a flood peak of only 0.02 in per hr. In contrast, on Septem- 
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Fig. 1 Rainfall and runoff for station watershed No. 10, 
Coshocton, Ohio, 1937-46 


ber 23 a rainfall of 2.44 in per hr caused a flood peak of 1.73 
in per hr —the greatest in 10 yr of record. The data for the 
former storm are given in columns 2 and 5, line 8. The Jatter 
are given in columns 3 and 4, line 1, of Table 1. 

The data in columns 2 and 3 of Table 1 are shown graph. 


ically in Fig. 1. The method of plotting and the determina. | 


tion of recurrence intervals is the same as that used by the 
author®. Also shown on this figure is the rainfall-frequency 
line derived from the 50-yr rainfall record at Columbus, Ohio, 
It will be noted that there is no practical difference between 
the rainfall line developed from the 10-yr record at Coshocton 
and that from the long-time record. The rainfall line from 
this short record (10 yr) may, therefore, be considered normal. 
Yet I would not conclude definitely that the flood peak line 
for the 10-yr record is normal. 


TABLE 1. MAXIMUM ANNUAL RAINFALL RATES AND CORRE: 

SPONDING RUNOFF PEAK AND GREATEST ANNUAL RUNOFF 

RATES AND CORRESPONDING MAXIMUM RAINFALL RATES, 
122-ACRE WATERSHED, NO. 10, 1937-46 

Greatest annual rainfall 


Actual runoff 
and runoff rates 


peak in 


Actual rainfall 
ratet causing 


Order Maximum rainfall Runoff runoff peak storm listed in 
No. rate, tin/hr = peak, in/hr (col 3), in/hr (col. 2), in/hr 
1 5.00 L.73 2.44 0.21 
2 3.40 1.15 254 .08 
3 3.15 563 2.04 .06 
4 3.08 455 4.32 .33 
5 3.06 368 2.96 No record 
6 2.96 242 2.84 aT 
7 2.60 229 76 No record 
2.52 .100 25 02 
9 2.44 .096 2.60 .02 
10 2.32 .076 88 .02 


tAverage for 15-min period. 


In Fig. 1, you will note 5-yr (1938-42) lines for rainfall 
and runoff. The rainfall line lies above and is somewhat pat- 
allel to the 50-yr normal line. The 10-yr line coincides with the 
normal. If, then, the 10-yr runoff peak line could be corisid- 
ered normal, then one would expect the 5-yr curve to lie above 
and be parallel to the 10-yr line. It does not work out this 
way. The runoff line for the 5-yr period lies considerably be- 
low the 10-yr line for the less frequent recurrences. On the 
basis of the relationship of the 5-yr rainfall line to the 10-yt 
rainfall line, one could not adjust the 5-yr runoff line to cet a 
10-yr line or a normal line. 

The hydrologic observations made on the agricultural 
watersheds at the Coshocton experiment station indicate that 
the full effect of land-use practices will not show up right 
away. It is expected that the changes will be gradual. In 20 
yr the contrast between conservation practices and poor f:rm- 
ing practices ought to be greater than at the end of 10 yr after 


‘Brandt, A. E. Frequency Determination. Unpublished manuscript. 
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improvement. If this is true, the curve or line relating one 
watershed to another should appear in different positions each 
year ot so. This would continue until the maximum difference 
is attained. 

Mr. Potter’s work may well serve as a guide for compara- 
tive studies of this type. When we know more about the hy- 
drology of soils and agronomic factors involved in the rain- 
fall-runoff relationships, more accurate determinations will be 
possible. 


Closing Discussion by W. D. Potter 


R. BAIRD’S criticism that probability curves based on 
M short records are apt to be considerably in error when 
extrapolated to recurrence intervals of once in 25 or SO yr 
would apply equally well to all of the analytical procedures 
considered in my paper. All of the procedures give fairly sat- 
isfactory results within the range of the experimental data. 
The one used by Mr. Baird does not eliminate the necessity 


for extrapolation. In his paper he determines the effect of | 


land use on peak rates that might be expected during a 3-yr 
period but he would have had to extrapolate the relationships 
that he established if he were to answer the fieldman’s query 
as to the effect that might be expected on peak rates that occur 
once in 15, 25, or 50 yr. 


I do not mean to imply that probability curves are to be 
preferred over other analytical procedures. Mr. Bauer has 
shown that the method developed by Mr. Baird gave excellent 
results when applied to the amounts of runoff considered by 
storms instead of by 6-mo periods, and I have no doubt that 
equally good results can be obtained when the method is ap- 
plied to the Hastings peak rates. I do wish to emphasize, 
however, that any relationship expressed by a mathematical 
curve is apt to be in error when extended beyond the range of 
experimental data and that such an extrapolation should not 
be attempted unless a careful study is first made of all fac- 
tors involved. 

Mr. Harrold states that “land use on the watersheds for 
which data are presented was identical for only 3 yr.” This 
statement would lead one to doubt as to whether or not his 
5 and 10-yr runoff curves were based on comparable data. 
Assuming that the land use was constant for the 5 and 10-yr 
periods and that the runoff data were, therefore, comparable, 
Mr. Harrold has applied only one of the three rainfall tests 
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outlined in my paper. The magnitude of high intensity rain- 
fall could be normal for a given period and yet the number 
of high-intensity storms and the total amount of rainfall could 
be considerably below normal. If such were the case, the 
chances of a high intensity rain occurring when the soil was 
nearly saturated from antecedent rainfall would certainly be 
less than if the number of high intensity storms and the total 
rainfall had been normal. I realize that these last two tests 
are not as zeliable as detailed information on such factors as 
antecedent rainfall, soil moisture, storm pattern, and cover 
would be. They should, however, furnish an indication as to 
whether or not the chances were normal for high intensity 
storms to occur when the watershed was in a condition to pro- 
duce maximum runoff. It may well be that other tests should 
be applied, but with the present system of Weather Bureau 
reporting, the three that I have outlined appear to be the only 
ones that are readily available. 


Safflower —Our New Oil Crop 


N THE past safflower had no market in this country. Now 
Ti has. Forty-nine Montana farmers grew 4,000 acres of 
safflower last year. Yields were quite good, averaging 600 lb 
of seed per acre, or, on the basis of 40 lb to the bushel, an 
average of 15 bu, worth today some $54 to $60 an acre. 

Safflower produces branching plants 28 in tall and quite 
uniform. The stem is heavier and tougher than the stem of 
flax. The boll, many of which occur on each plant, is as large 
around as a two-bit piece. Several seeds are borne inside of 
each boll. They rest in a bed of white floss. Leaves and the 
boll both have spines; that is, on varieties now in use. This 
fact alone in the past made the crop unattractive to nearly all 
United States farmers who heard of it, but the use of com- 
bines for harvesting at the present time has removed that ob- 
jection. 

Safflower poses no serious question of competition with flax 
in the humid areas where flax prospers. It seems to thrive in 
areas of less rainfall, where precipitation normally is only 12 
to 15in annually and where flax generally does not yield so 
well. Normally, too, under “dry-land’” conditions, safflower 
does as well as wheat or better. 

Like flax, safflower does not compete well with weeds. 
However, it is troubled little either by disease or by insects. 
—Chemurgic Digest, December 31, 1947. 


SILAGE HARVESTING, STORAGE, AND FEEDING MECHANIZED 
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Don Christy sent these pictures taken on the Christy farm near Scott City, Kansas. Upper left: Cutting and loading silage in the field. Upper 

center: Dumping silage in the pit silo. Upper right: Spreading and packing silage at the pit. Lower left: Scooping silage from the pit for feeding, 

Lower center: Backing out of pit with scoop load of silage. Lower right: Dumping silage in feed racks. The scoop shown in the lower pictures 

carries about 1,000 Ib of silage, enough to fill a large feed bunk. Christy says that in normal weather, with the feed bunks handy to the silos, one man 
should feed 1,000 head per day, which he says is normally too many to have in one bunch 
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tion known as “water spreading.” It is defined as the 

practice of diverting water from natural stream chan- 
nels and spreading it over porous lands, thereby giving it op- 
portunity to sink into the ground and eventually become a 
part of the main ground-water body. The term “water spread- 
ing” has also in recent years been used in some localities to 
describe the practice of diverting stream flow during flash 
floods to pasture and other lands for the purpose of irrigation. 
Although the two spreading systems may be similar in design, 
their purposes are definitely different; and as the term is used 
in this paper, it applies only to the practice of diverting for 
replenishment of the underground water supplies. Such spread- 


Te paper deals with that method of water conserva- 


means of obtaining water. ; 
Spreading for replenishment of the ground-water supplies 
deals with much greater quantities of water than those re- 
quired for irrigation. Water is applied to an area in such 
quantities and for such long periods of time that the propor- 
tion of water retained in the root zone is negligible. The pur- 
pose is to stimulate percolation so as to replenish the ground- 
water supplies and raise the water table, whereas in irrigation 
an application a few inches deep per irrigation or 2 to 4 ft per 
year is adequate. In spreading for replenishment of ground 
water, as much as 5 to 8 acre-feet per acre is put into the 
ground in a single day. The total seasonal amount which can 
be spread is of course dependent on amount of water available, 
the capacity of the spreading system, the capacity of the under- 
ground basin, and the length of time the water is available. 
The need for water spreading has been apparent in many 
localities for many years, and it is rapidly becoming apparent 
in others. Pumping from wells has long been the principal 
source of water in parts of the semiarid West, and during the 
past decade the demand for water has increased greatly as 
more land has been brought under irrigation and as domestic 
and industrial uses have been expanded. Recently other areas 
throughout the country have reported increases in the draft on 
ground-water supplies. More efficient pumping equipment, im- 
proved well-drilling methods, and wider distribution of power 
have accounted for some of the increase. In the East and Mid- 
dle West these drafts have occurred from demands for domes- 
tic, industrial, and other uses such as air conditioning. In some 
places there are indications that the safe yield of the ground- 
water unit is rapidly being approached or has been exceeded. 
The term “safe yield” from a ground-water unit has been de- 
fined by Conkling’ as “the annual extraction which will not, or 
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ing is used in areas where pumping from wells is a major. 
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Water Spreading for Ground-Water Replenishment 


By Dean C. Muckel 


does not (1) exceed the average annual recharge, (2) so lower 
the water table that permissible cost of pumping is exceeded, 
or (3) so lower the water table as to permit intrusion of water 
of undesirable quality.” The safe yield of a ground-water unit 
or basin is difficult to determine in most cases, but reliable evi- 
dence of the adequacy of a ground-water supply is reflected 
by the rise or fall of the ground-water levels. The general 
equation, Average Inflow = Average Discharge + Change in 
Storage, applies to ground-water basins, but evaluation of the 
items is extremely complicated. Inflow may be broken nto 
surface flow, underflow, importation and precipitation on the 
surface; the discharge may be divided into surface flow, under. 
flow, consumptive use (including soil evaporation), and expor- 
tation. The source of all water is of course from precipitation, 
and.man has no control over its amount or distribution. He 
can, however, practice water conservation and build dams, 
channels, and other structures to distribute the water after it 
reaches the earth. Consumptive use represents principally the 
water used by plant growth—either cultivated or native—and 
domestic and industrial uses. It is the item which has been 
increased considerably by man’s action and has caused the in- 
flow and outflow sides of the equation to get out of balance 
and be reflected in a lowering water table. 

The use of water spreading, like most other methods of 


conservation, is intended to increase the ground-water inflow, § 


reduce the discharge side of the equation, and retain as much 
of the water as possible within the limits of the ground-water 
unit. In a few cases water spreading has been utilized to make 
effective use of a well-defined ground-water basin for the stor- 
age of imported water. The city of Los Angeles has at times 
utilized the San Fernando Valley ground-water basin for the 
storage of water imported from the Owens Valley. After be- 
ing so stored it is then pumped from wells as needed. Plans 
of the Central Valley project in California also contemplate 


replenishment of the ground-water supplies in overdrawn areas | 


by the spreading of imported water during the non-irrigating 
season. 

Water spreading was first tried on a large scale in the 
South Coastal Basin of California because there the conditions 
lent themselves well to this type of conservation, and the need 
of water was great. The area is composed of many distinct 
ground-water basins, each capable of holding large quantities 
of water. The total surface area in which ground water occurs 
is about 840,000 acres, and it has been estimated by the Divi- 
sion of Water Resources of the California State Department 
of Public Works (in Bulletin No. 45) that every foot of rise 
or fall of the water table represents a change of something 
like 70,000 acre-feet of water. Early settlers found the water 

_, table at high levels with- 
in convenient pumping 
| lifts. More and more 
' wells were put down un- 

} til now more than 90 per 
| cent of all water devel- 
oped locally is derived by 
pumping from wells In 
some basins the safe vield 
has been exceeded and in 
others it is rapidly being 
approached. The ground- 
water supplies are replen- 
ished naturally by rain 
falling directly on the 
valley floors, by seepage 
from a stream traversing 
the valleys, and by the re- 
turn from irrigation. 

Some of these sources 


velopment. American Society 
of Civil Engineers Proceed- 
ings, January, 1945. 


A series of cross walls built across a deep cut made by a stream as it emerges 

from its canyon. The walls are relatively porous and consist of rocks bound to- 

gether with heavy hog wire. Their height and spacing are such that the flood 
waters will spread over the entire bed 


have been necessarily cur- 
tailed by the straighten- 
ing and paving of flood 


AGRICU 


channel 
spreadi 
method 
Rair 
ly total 
more th 
storm. 
and if 
water n 
are yea 
of the 
conditic 
in dry | 
Are: 
mouths 
mounta 
debris 
sands 2 
debris « 
depend 
materia 
ticularl 
waste. 
and cor 
sion wc 
divertec 
cones p 
areas O 
and sp! 
volves | 
The cor 
quently 
the sur: 
One 
—featu 
will ent 
proport 
of the : 
tion an 
has lon 
ter con: 
the rel 
of spre 
that tir 
debris « 
There ° 
the wat 
od, (2) 
and (4 
tages a 
named 
is not | 
spreadi 
on the 
land, tl 
silty or 


In t 
in a seri 
are so ; 
spreadi: 
and are 
from tl 
next !oy 
Surface 
and rid 
the gul 
into the 
water ¢ 

In t 
a Series 
tion sys 
tlose! y 
ing a re 


ae ee ee ee, ee ete al i: - ee, Oe oe. Uae ae SaaS, | eae ae 
a SP. Ee ery Names 19 a aera AS a: Boot pi) ae, Se we ; 2 it a ‘ae at Ja i = a Bienes ee ae 
ac nae Bh eae bt fuel Nae Gots Pye aae oe 1) eae, as CN p hee 3 + eee ee eo ce A 4 | WN ets get 
Sc ORs re canoe = | eae SMEs Tes he ere a So ge te age as. im pene IE 
ae ce Raia, aes ar age Sma oe Re Bi it = ie Be ees :) nn oe ORES ot. £ fahren 
re ee eae iam ER RS! oS Tee ST a ee Ame igi eS Ure ote data age ee ee ' 5 ltt Reo St eer eam 
Pe ar ea sine ae 
Rae ee - 
_ 
a a 
7 
ee 
aa, 
Be. 8 ‘ 74 
? ae Pe 
eee Si 
“ae aaa 
ee 
i 
= 
es Seliaedame | - 
1. ease 
<a 
ort aa 
Rais #2 eae 
Beh ae 
; ae i: | 
eee 
>i aa nes 
Raa 
ee: 
cae 
Fe, 3 es 
5 a 
aed, 
ae 
A eae 
eee : 
a 
ee ae Sg) 
aa. ses . 
a a | : 
| tS an 
Se ten y 
eee 
= pe 
Fae 
Weer. 
a a 
ae ey es. 
in we’ f 
‘aeioamaee 
Be. gi p 
> 
; -* 
fe ea 
; ze. ar 
=) aan 
fs 
ree ting ate 
A ae a 
ek. Loe 
a ee 
aalagent > 
Beet: Sie ' 
a =, 
ee tea) 
aed ‘ 
of he 4 
pea a ; 
BN 
ou Be 3e 
ae Ae 
Ae eee a 
Pee cod 
a 
pit ea 
uae te 
ey aoe 
Po ae 
eh 
ine a Rts SEN 
ae ae 
de ae er 
Werle. 5% 
cas ee 
re eT 
“ ¥ - 
ie, ea 
= Se Seam 
‘ sid 
aha = 
te ae ‘ 
Vt ae ae mw 
go ie ra 
_- we 
ae ae og 
~ eS . Saee & wee es 
oy tae. oe IL we Teg <n od 
he ee VE eg aad Sa Frogs 
a . ae SO enh) NOS. Ue Oat tee 
te ee NRE a NI Ca ik ar SEs Fa ga hae 
Se tie BS ee Se. at a ee 
or. a e ae EX achat ie segue SB ie * 
aye: ae ao: ie eee ke ” Bead 
sea ca oae Chie a 
a ae . a (RE el ¥ ty 
eae ks Se EL eae 20 Se * 
ee aa Se ee A pe Areas So 
gests ae ea Fe ae Oe 
mae pic) Saieieee eae 
deeieiuhere = — Rae ee eee ee 
aie aa t.. || Reet Rate ee ‘ 
3 Z , Ag | SE (SMR, ae ae “Jn 
pak é 
ear + 
oe 
ai a | ie 
: i Fe 
eT a 
ADS ae Ss: 
yates : 
See 
ee 
fis 
eo 
ean ‘ 
ES Dir got 2 
el a pe 
Baca. E 
a: Sk aa i 
See ee Qeeeee gee PERL aay RO NEA ee a Creme TU Teen eRe Neg ce Re rca 5 ney ; os y 7 er ati ies ic ae 
Bi aes Im, Miia So ema ia SEL Sa ame alates CMR Ge.) 2 lain ube iS pete: oe ( ey, a = PE ee sy Bo aa 
Bae a ReneS Ole a Mee rt ot ae aa | Re nee [ i 3 a Ege re ae Wee 
ee Sern ess, Ue a =e Tpke i a an eae Sailer athe ee ae iS ANG eae i Ey aaa % ie af 
2 a > ds Teo ae i oi eae Be aa eer ep ea eae vB aae, aa 
eC i 0 a ae Sel ge aes Ieee oe met | ey gar ‘ 
gS coe ee A PSN GAs techs PRS Megs TRG Sities Fee aA te 


AGRICULTURAL ENGINEERING for February 1948 


channels and the construction of streets and storm sewers, but 
spreading areas have been developed to augment the natural 
methods of replenishment. 


Rainfall in this area is very erratic, varying greatly in year- 
ly total and seasonal distribution. There are instances where 
more than an average seasonal rainfall has occurred in a single 
storm. The surface runoff is consequently great at such times, 
and if not held back by dams or stored underground, much 
water may be wasted into the ocean. On the other hand, there 
are years when the rainfall is less than the water requirement 
of the area. Some form of storage is necessary under these 
conditions to carry over water collected in wet periods for use 
in dry periods. The underground basins serve this purpose. 

Areas suitable for spreading were found to exist at the 
mouths of the many canyons where they debouch from the 
mountains. Here the streams have built up relatively steep 
debris cones by dropping their loads of boulders, gravels, and 
sands as they struck the flatter slopes of the valleys. These 
debris cones vary from a few acres to more than 5,000 acres, 
depending on the size of the streams. Because of the coarse 
material of which they are composed, the lands are not par- 
ticularly suitable for cultivation and are in general classed as 
waste. They are porous and have high rates of infiltration, 
and consequently are well adapted to water spreading. Diver- 
sion works are placed in the stream channels, and the water is 
diverted to prepared spreading systems. Water spread on these 
cones percolates downward and eventually feeds the pumping 
areas of the valley lands. The actual procedure of diverting 
and spreading water on the debris cones is not simple. It in- 
volves the handling in most cases of debris-laden flood flows. 
The cones are still in the process of formation and are conse- 
quently unstable. The streams, if uncontrolled, meander over 
the surfaces and cause great damage in times of heavy floods. 

One of the most important—probably the most important 
—feature of a spreading area is the rate at which the water 
will enter the soil. The capacity of a spreading area is directly 
proportional to this rate. It varies with the soil type, condition 
of the soil surface, and other factors. The Division of Irriga- 
tion and Water Conservation of the Soil Conservation Service 
has long been interested in water spreading as a means of wa- 
ter conservation and in 1930 started experiments to determine 
the relative rates of percolation obtained by different methods 
of spreading. Because practically all spreading being done at 
that time was located in southern California and on porous 
debris cones, these tests were carried on under those conditions. 
There were then, as now, four general methods of spreading 
the water over the land surface. They are (1) the basin meth- 
od, (2) the furrow or ditch method, (3) the flooding method, 
and (4) the use of pits or shafts. Each has its own advan- 
tages and disadvantages, and with the exception of the last 
named each is widely used. They are often combined, and it 
is not uncommon to find all four methods used in a single 
spreading system. Generally the selection of a method depends 
on the typography of the soil surface, the general slope of the 
land, the amount of land available, and whether the water is 
silty or clear. 


IN THE BASIN METHOD WATER IS IMPOUNDED 


_ In the basin method of spreading, the water is impounded 
in a series of small basins formed by dikes or banks. The basins 
are so arranged that the entire area may be submerged during 
spreading operations. The dikes often follow the contour lines 
and are provided with outflow facilities so that excess water 
from the basin highest in elevation will escape into the one 
next lower. This method of spreading is used where the ground 
surface is irregular and spotted with numerous shallow gullies 
and ridges. The basins prevent the water from collecting in 
the gullies and running off before it has a chance to penetrate 
into the soil. The basin system is not recommended where the 
water carries silt or foreign material. 

In the furrow or ditch method, the water is passed through 
a series of furrows or ditches somewhat resembling an irriga- 
tion system. The ditches are shallow and flat-bottomed, spaced 
tlose'y one to another so as to expose the maximum percolat- 
ing crea. The ditches are usually arranged according to one 
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of three patterns. In the first, lateral spreading ditches, at right 
angles to the main canal, are extended parallel to each other 
at frequent intervals. In the second pattern, instead of divert- 
ing from a main canal, the canal may be divided into two 
separate ditches, these two ditches being then divided into four 
smaller ditches. Division is continued until the flow in the 
ditches has dwindled to mere trickles and finally disappears. 
The third pattern is commonly called the contour ditch system. 
Here the water is spread through one ditch that follows ap- 
proximately the contour of the ground surface. As the ditch 
comes to the limits of the area provided for spreading, a shar 
switchback is made. Thus the ditch is made to meander back 
and forth across the land, gradually approaching the lower 
part of the spreading area. The ditch system has the advan- 
tage of flowing water in event a silty supply is used. Diffi- 
culty of maintaining flat bottoms in the ditches has been ex- 
perienced in some systems owing to the tendency of the flow- 
ing water to cut and collect in narrow streams. 

In the flooding method of spreading, it is implied that the 
water is passed over the land in a thin sheet and at a slow 
velocity. If conditions permit, this is the ideal method. The 
soil can remain in an undisturbed state, and it has been found 
that undisturbed soils with native vegetation remaining intact 
ordinarily absorb water at a faster rate than disturbed soils. 
It is realized that few areas exist where flooding can be ac- 
complished through a spreading area owing to the roughness 
of the land surface, but the principle of flooding should be 
carried out wherever possible. 


USING SHAFTS AND PITS FOR WATER SPREADING 


The fourth method of spreading—that of utilizing shafts 
or pits—does not follow strictly the definition of water spread- 
ing, but it serves the same purpose of recharging the under- 
ground supply. It is not used extensively because of its high 
cost and other limitations. Shafts or pits are seldom sunk pri- 
marily for this purpose; rather, use is made of abandoned 
gravel pits, wells, or other existing holes. The advantage of 
pressure head or depth of water in a shaft or pit is utilized 
in this method. Silty water is, of course, to be avoided. Most 
of the information obtained so far does not indicate that any 
widespread or general use of this method can be expected, 
although isolated installations have been reported as being 
successful. 

In 1937 the U. S. Department of Agriculture published the 
results of experimental work done in southern California in 
Technical Bulletin No. 578, “Spreading Water for Storage 
Underground.” Since issuance of this publication, the need for 
spreading has extended to other areas considerably unlike the 
southern California conditions, particularly with reference to 
soils. Spreading is now being contemplated on older, more 
consolidated soils and even in areas where hardpans and clay- 
pans exist. Water differing in quality is also being considered 
as a source of supply. This has multiplied the problems of 
spreading. 

The infiltration rate of the older, more developed soils of 
finer texture can, of course, be expected to be less than that 
of gravels or sandy soils, but there are other complications. 
A notable example is that of San Joaquin Valley where it is 
proposed to spread imported water so as to replenish the over- 
drawn pumping areas. The location oi the supply canal and 
of the areas needing replenishment are such that spreading 
areas must be located on sandy loams, loams or soils of finer 
texture, and, incidentally, on lands highly valued for agricul- 
tural use. Pxeliminary field studies made on these soils by the 
North Kern Water Storage District (H. L. Haehl, unpublished 
data 1943) revealed that while the infiltration started at a 
satisfactory rate, it rapidly decreased until after a few weeks 
of spreading practically no water entered the soil. A search of 
the literature showed that considerable experimental work was 
being done on the problem of infiltration, but in nearly all 
cases the work was done in connection with infiltration of rain- 
fall or irrigation water and consequently the water was ap- 
plied for short runs only. In spreading, water may be applied 
continuously for months at a time. An intensive series of ex- 


na! aes ue een Co ay aee 2) eee Aen i“ 1 re at ns ae Go Beat tie A a ere cay es % a <t ala ERR co nie seam, gts 2c oad ie ie n ony x 
Net Gl ig ee ee re 
Pe na am Se ll 7 a oe ne: Aaa eee ee ae, hier noe 
4 
‘oi ee = 
BP ae ; 
er 
d, 
ef 
it 
ri 
ad 
al 
in 
he 
to 
he 
r- 
r- 
n, 
G 
\s, 
it 
he 
id | 
en | 
n- 
ce 
of 
w, ee 
ch 
ef 
ke 
ir a 
es 4 
he ; 
ye- 
ns 
te 
‘as ee 
ng 
he 
ns Ft. y 
ed 
ict 
es 
irs 
vi- 
nt 
ise 
ng 
er 
h- 
ng : 
re 
n- 
ef a 
|. 
by 
In a 
Id oo) 
in 
ng 
d- 
n- 
in 
he 
ge ee 
ng 
re- 
es | | 
if 
n- 
od : 
, oe EE Te ok ee ne | 


76 


periments? was started to disclose the cause of the rate de- 
crease and to discover, if possible, practical ways of overcom- 
ing or at least retarding the decrease. A group of nine test 
ponds formerly operated by the North Kern Water Storage 
District was put in operation and thirty-five others were con- 
structed. Fifteen were in isolated locations on different soil 
types and served with different water supplies. The remaining 
ponds were located in two groups on the two predominant 
soil types of the Kern area. In addition, there were available 
records from spreading on seventeen large spreading areas, 
ranging in size from a few acres to over 50 acres. 

The test ponds were given a variety of treatments, which 
are too numerous to list, but they included different cultural 
treatments, mulches, various grasses, chemical treatments, and 
different methods of operating with alternate wet and dry per- 
iods, shallow, deep and fluctuating water depths. The effects of 
all treatments were checked against the rates obtained on un- 
disturbed check ponds. Some of the experiments were not con- 
sidered to be practical on a large scale; rather, they were of 
an academic nature though involved in the search for a prac- 
tical solution of the problem. Numerous undisturbed soil cores 
were taken in the field and run for weeks without interruption 
in the laboratory with waters having different characteristics 


2 Agencies participating or who have participated in this study are 
the North Kern Water Storage District; U. S. Bureau of Reclamation; 
Arvin-Edison Water Storage District; Rubidoux Laboratory and Re- 
gional Salinity Laboratory, USDA: California Division of Water Re- 
sources, and the Division of Irrigation and Water Conservation, Soil 
Conservation Service, USDA. 
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and with different treatments. Some cores were run under 
sterile conditions and were equipped with manometers, and the 
permeability of short segments was calculated. Equipment for 
taking soil cores encased in transparent lucite cylinders 4.5 in 
in diameter and 16in long was developed by the Regional 
Salinity Laboratory at Riverside, Calif. * 4. 

While it cannot be claimed that the final answer has been 
found, it is felt that much valuable information has been ob. 
tained through the operation of the laboratory and through 
field tests. Some of the results are discouraging, while others 
are encouraging. It was found early in the program that the 
infiltration rate decline is caused primarily by conditions with. 
in the top foot or less of soil where the organic matter is found. 
This fact was demonstrated by both laboratory cores and ten- 
siometers set in the field ponds. It is encouraging because it 
gives some hope that a practical treatment to reduce the de- 
cline in rate may be found. 

At the present writing, it appears that spreading the water 
in a shallow depth (one or two-tenths of a foot) on a vege. 
tated area is the most likely to give the most consistently high 
infiltration rates. It is also evident that the soil must be given 
a drying period if it is to recover the initial infiltration rates 
after the decline has occurred. The drying period should be 
started before the ultimate decline has occurred to insure the 
best results. (Continued on page 78) 


‘Allison, L. E. Effect of Microorganisms on Soil Permeability, 
Manuscript prepared for publication. 


‘Permeability Test. AGRICULTURAL ENGINEERING, April, 1945. 


Mechanical Ventilation of Ear Corn 
By R. E. Johnson and Virgil Marvin 


MEMBER A.S.A.E. 


BSERVATIONS on forced air ventilation for drying ear 

corn were made this past fall on the farm of Dwight 
Wise near Fremont, Ohio. The project was conducted by the 
farm power department of The Toledo Edison Company with 
Mr. Wise cooperating. 

A new grain storage building had been constructed by Mr. 
Wise, the grain storage portion of which has six bins 10x10x13 
ft, with slatted floor and tight sides. Forced air can be used 
on all the bins. 

On October 8 approximately 700 bu of ear corn (by vol- 
ume) were put into two of the bins. The average depth of 
the corn was approximately 9 ft. 

Random samples of corn from the picker averaged 40 per 
cent moisture (wet basis) in the kernels. 

A 34-in propeller-type fan powered by a 3-hp motor was 
used to force air through the bins. The static pressure was 
0.3 in of water. From the fan manu- 
facturer’s rating, the air delivery was 
approximately 14576cfm. This 
amounted to 20 cfm per bu of ear corn. 

Mr. Wise operated the fan inter- 
mittently during the 24-day period. 
The total time of operation was 232 hr 


MEAN REL HUMIDITY % 


60 7% 6 


with an energy use of 600 kw-hr (ap- fp 

proximately 1 kw-hr per bushel). 5 R 
Climatological data were recorded §& 

every 2 hr during the 24-day period. £8 
The graph shows the per cent of is 


moisture of the corn, mean air temper- 
ature, and per cent of mean relative 
humidity. During the first half of the & 
period drying conditions were favor- 
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able; the latter half was not so favorable. The mean temper- 
ature for the month was 8.8 F above the normal temperature 
of 51.6 F. The mean relative humidity was 70 per cent. 


CONCLUSIONS 


Ear corn was successfully dried from 40 per cent moisture 
(wet basis) down to 19 per cent (wet basis). 

By the use of forced air from corn conditioning it would 
be practicable in this area to pick corn relatively early in the 
season and plant the corn ground to winter wheat. 

The factors of temperature and humidity, as they influence 
drying, are well established. However, a third factor, air ve- 
locity through the product, is an important factor in the rate 
of drying. The air velocity factor should be in mind when 
calculations are made on the volume of air to be used. As 
great a volume of air per bushel, as is economically feasible, 
should be used in order to obtain as high a velocity as pos- 
sible through the bins. 
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This graph shows the data taken during observations of ear corn drying on the Dwight Wise farm 
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Durability of Concrete Drain Pipe 


By W. L. Powers 


MEMBER A.S.A.E. 


HE recent support price for making burned clay building 

blocks as well as the AAA payments for field drainage 
practices has caused increased interest in the durability of 
concrete pipe as a substitute for burned clay drain tile. The 
latter should meet current specifications of the American So- 
ciety for Testing Materials. SM 

A report of inspections and tests of concrete drain pipe and 
concrete blocks after 10 years’ exposure in eight alkali-bearing 
projects was made by Williams and Furlong in 1926%, in 
which they concluded that “the best quality of concrete will 
deteriorate when exposed to severe alkali attack and that in- 
stallations of concrete in soils containing more than 0.1 per 
cent of the sulfate type should be preceded by an examination 
of surrounding conditions. The use of concrete pipe in soils 
containing alkali salts of the sulfate type is hazardous in view 
of the fact that the best quality of drain tile has been dis- 
integrated.” The resistance was found to vary with the con- 
sistency and richness of the mix and method of manufacture, 
and iar coating or grouting did not insure protection. Tests 
after 10 years of exposure showed the crushing strength re- 
duced from 1870 to 1610 Ib in fresh water at Columbia, Mo., 
and from 1655 to 1225 lb where exposed to alkali water in 
eight test areas. Disintegration was found to be primarily due 
to chemical action between the salts in the solution and the 
constituents of the cement, though physical disruption caused 
by expansion of some crystallization of salts in the pores ap- 
peared to be a factor. Curing pipe in water vapor at 212F in- 
creases its resistance‘. 


Effect of Alfalfa Roots on Durability of 6-in Concrete 
Pipe. An experiment was started in April, 1932, to test the 
notion that alfalfa roots would weaken concrete pipe by ex- 
tracting lime therefrom. Five lots of ten pipes were included 
in the experiment: 

Lot C stood empty on a plank outside the greenhouse. 

Lot A was filled with Willamette silty clay loam soil, 

limed and cropped to alfalfa. 

Lot B was filled with Willamette silt loam and limed. 

Lot D was filled with soil and cropped. 

Lot E was filled with soil and fallowed. 


Breaking tests with five pieces of each lot were made at 
the end of 8 years exposure, on October 8, 1940. The other 
half was kept in the test for some 714 years longer and tested 
March 6, 1947. Tests were made by applying pressure uni- 
formly top and bottom with sand bags, each seated to con- 
tact one-fourth the surface area. The bearing strength was 
determined by an Olsen materials tester in the laboratory of 
the Oregon Engineering Experiment Station. Statistical analy- 
ses of the tests support the following conclusions: 


1 Slight impairment of the pipe was caused by alfalfa 
roots only when the soil was unlimed. 


2 Pipe exposed on a plank out of doors gained strength 
during the second term of exposure. 
To test the intensity of acidity in the soil contained in the 
different lots of pipe, composite samples were made, and the 
pH values determined for the results are as follows: 


Lot Treatment pH 
A Lime and alfalfa 7.37 
B Soil limed 7.11 
D Soil and alfalfa 6.13 
E Soil fallowed 6.44 


—_— -ee_e——————_ je 


This paper was prepared expressly for AGRICULTURAL ENGINEERING. 


W. L. Powers is head, department of soils, drainage, and irrigation, 
Oregon Agricultural Experiment Station. 


_ ‘Williams, G. M., and Furlong, Irving. Durability of Cement Drain 
Tile snd Concrete in Alkali Soils (4th Progress Report, Technical 
Papers, U. §. Bureau of Standards No. 307). 


The increasing acidity from alfalfa root action without 
lime seems to correlate with a decreasing strength of pipe. In 
other experiments by the author it has been noted that active 
alfalfa roots tend to bring the soil reaction in their vicinity to 
pH 6.0, approximately. 


Durability of Concrete Pipe in Acid Soil. When the experi- 
mental tile drainage system was designed for installation in 
tideland at the Astoria field station by the author in 1916, con- 
crete drain pipes were included for use in one lateral. The soil 
there is Bayside (peaty) silty loam with a pH of 4.2 on the 
surface and 4.8 in the subsoil. Recently one rod length of this 
lateral was replaced by Supt. H. B. Howell, and several pieces 
that were removed intact were secured for bearing strength 
tests. These 4-in pipes, apparently of hand-tamped concrete, 
after 30 years use in acid soil gave the following results as to 
crushing strength in pounds per pipe: 


270 195 340 220 260 195 225 - average, 246.5 


These pipes could be crumbled at the ends with the thumb 
and fingers. After drainage of this tideland, iron oxide pre- 
cipitates in the drains and these old pipes were coated in the 
lower part of the inside with this material. 


Farmer Experience with Concrete Drain Pipe. Recently a 
questionnaire was sent to farmers who had been given assist- 
ance in the design and survey of drainage systems as an ex- 
tension service. Thirteen out of 100 reporting stated that they 
had experience with concrete pipe, and of these six reports 
were favorable. The experience extended up to 20 years, and 
some indicated that in the earlier years concrete pipe were not 
as well made as at present. The less favorable reports seemed 
to have come with experience of the pipe in distinctly acid soil 
approaching intensity of acidity such as found at the Astoria 
field station. More extensive wet soil types in Willamette 
Valley such as Dayton and Amity silty clay loam have a pH 
of 5.0 to 5.4. The larger sizes of concrete pipe permit use of 
heavier aggregate, and where made to standard specifications, 
the fracture in breaking strength tests will frequently extend 
through the gravel. 


Some improvements in preparation of cement and con- 
crete for resistance to sulphates have followed increased know!- 
edge of chemical reactions involved?. Aluminous cement forms 
more resistant pipes. However, it is not now available. On 
the other hand, concrete with less than 5 per cent tri-calcium 
aluminate is fairly resistant to aikali attack. Use of 4 per cent 
calcium chloride in concrete test pipes or blocks exposed in 
Medicine Lake proved helpful®. Less progress has been made 
in increasing resistance of concrete to acid. 


It is concluded that, for wet soil types of nearly neutral 
reaction, concrete tile, particularly in larger sizes made of a 
rich dense homogenous mixture and well cured, or according 
to standard specifications for the American Society for Testing 
Materials, will serve as a satisfactory substitute for good 
burned clay drain tile. Although cement has been improved 
in recent years, the use of concrete drain pipe in strongly acid 


or alkaline soils, particularly the sulphate type, is still haz- 
ardous. 


ACKNOWLEDGMENT: The author is grateful to C. E. Thomas for 
cooperation in making the breaking tests in 1940 and again in 1947; to 
Dr. Ray A. Pendleton for cooperation in statistical analyses of data, and 


to Supt. H. B. Howell for providing the pipe from the field lateral at 
the Astoria field station. 


2Lea, F. M., and Desch, C. H. The Action of Sulphate Waters on 
Portland Cement and Concrete. Arnold, London. 

‘Miller, D. G., and Manson, P. W. Tests of 106 Commercial 
Cements for Sulphate Resistance. Proc. A.S.T.M. 40:988. 


*Miller, D. G. Choosing Drain Tile to Fit Your Soil. Minn. Ag. 
Ext. Folder 141, 1946. 
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HELPING THE AMERICAN FARMER 


DO A BETTER JOB 


SISALKRAFT ‘CASE HISTORIES” OVER A PERIOD OF 
20 YEARS IN THE FIELD OF PRACTICAL RESEARCH 


SISALKRAFT STACK COVERS: 


Expert as a farmer might be in “capping” stacks of 
hay or straw, rain was bound to drive deeply into 
the stacks . . . scorching sun steamed the wet mass, 
which sapped vital food properties and resulted in 
rotted, decayed hay, loss of farmer income, time, 
and money. 


Couldn’t these stacks be covered with sISALKRAFT? 


In 1935 Sisalkraft Research tackled this problem 
. . . developed a simple method of holding the 
SISALKRAFT in place despite 60 M.P.H. winds. . . 
created a 1342 ft. wide “All Purpose” sIsALKRAFT 
Blanket which was ideal for small stacks . . . 
proved that SISALKRAFT, more waterproof, more 
economical than canvas, had the strength, tough- 
ness and ability to resist the punishment involved 
in this use. The ever increasing use of baling ma- 
chines helped make sIsALKRAFT an important factor 
in the field because sISALKRAFT proved itself “a 
natural” for covering baled stacks. 


Untold thousands of tons of hay and straw have 
been saved . . . feed quality has been improved ... 
costly barn storage space has been conserved . . . 
many man-hours have been gained for other vital 
work . . . by this sIsALKRAFr adaptation. 


SISALKRAFT practical research has been continu- 
ous . . . aiming always to help the American farm- 
er do a better job, economically . . . as evidenced 
by sISALKRAFT Silos and many other achievements 
of sISALKRAFT on the farm. 


Should you have a problem where a remarkably 
strong, waterproof paper might be helpful, 
please write to Department AE... 


Water Spreading 


(Continued from page 76) 


This has led to another problem — that of finding a suitJ 
able vegetation, preferably a grass which will grow in a par} 
tially submerged condition during the spreading operations 
and then aid in drying the soil rapidly down to the wilting] 
point when the land is ready for a drying period. The grag! 
desired should also have forage value so that some income] 
may be obtained from the land besides its use as a spreading] 
area. The grass must also have the ability to withstand} 
droughts so as not to die out during periods when no wate| 
is available for spreading or irrigation. 


ae Ps : Cd 
In conclusion, it must be mentioned that while water pall he? 


ing is a practical method of ground-water replenishment an] 
can be used successfully in certain areas and under certais 
conditions, it like other conservation measures may have it 
limitations. There is little hope that it can ever be successfull 
utilized in areas underlain by continuous and relatively im 
pervious hardpans, claypans, or other strata that provide th 
opportunity for perched water. In such areas the only hopeis 
to locate the natural intake zone of the ground-water unit anj 
confine the spreading to that zone, or penetrate the confining 
strata by wells or shafts. If the water is under artesian pre 
sure by reason of being confined, the well method fails. Qual 
ity of water must also be taken into consideration, as a wate 
with high sodium percentage is detrimental to infiltration 
Extremely high sodium percentages have practically sealed th 
soil against any appreciable infiltration in San Joaquin Valle, 
A hard water is desirable for spreading, as in irrigation. 

Only with careful and skillful planning under suitable 
physical conditions can water spreading be recommended 4 
an economical water conservation venture. 


Quantitative Measures of Hay Quality 
(Continued from page 51) 


While the theoretically possible combinations of variable 
in the problem are practically infinite, it seems likely that only 
a reasonably small number of factors and a limited range d 
values for each of these factors will actually prove significant 

From the standpoint of animal reactions it appears thi 
the primary concerns are palatability, digestability, nutritive 
value, and other influences on consumption, health, and pro 
ductivity. 

From the standpoint of engineering interest the primay 
concerns are the influences of operating methods and equip 
ment on feed quality. These are likewise measurable in term 
of physical and chemical characteristics of the product. 

Neither mow drying nor any other procedure or piece 0! 
haying equipment exerts a single uniform influence on mili 
yield or other feeding results. Feed production methods ani 
feeding results can be related only by intelligent interpretatio 
of their physical and chemical common denominator. 

Chemically, the engineer is interested not only in total d: 
gestible nutrients, but in the influences on animal reaction’ 
obtained from the various types and amounts of proteins 
starches, sugars, oils, vitamins, trace elements; poisons, medic 
inals, and indigestible ingredients ia hay. 

Among physical properties, the engineer is interested i 
animal reactions to variations in moisture content, fiber chat: 
acteristics, fiber binders, free dust, separation of leaves from 
stems, stem length, and percentage distribution of importa! 
chemicals within the various plant parts. : 

Physical and chemical properties of hay, or in fact al 
animal feeds, are the intermediate quantitative data, the over 
lapping boundary between animal nutrition and engineerin 
improvement of means and methods for producing, handling 
and storing feeds. The animal nutrition men can relate phys 
ical and chemical characteristics of feed to animal reactions 
to set up significant quantitative objectives and measures 0! 
feed quality. Then engineers can proceed on a sound basis t? 
measure and improve the influence of production, harvesting 
storage, and handling methods and equipment on the tangible 
measurable, specific properties influencing feed value. 

It seems likely that as this picture of the problem is pit 
sented clearly to more and more animal nutrition specialists 
the needed cooperation, and ultimate, quantitative definitio 
of hay quality, will be forthcoming... 
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An intensive program of soil conserva- 
tion, land reclamation and reforestation 
is in effect on Firestone Farms. Here, 
Champion Ground Grips are being used 
in a disc terracing operation. 
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Ever since the day Harvey S. Firestone tested and 
proved the first practical pneumatic tractor tire on his 
own tractor in his own fields, Firestone Farms have been 
the first and foremost proving grounds for farm tires. 

The Firestone Champion Ground Grip is a product 
of all these years of experience and testing. It has been 
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=ce 0! | 
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ald tested and proved against tires of every type, every tread 
so 
; 
y 


milk 
$ and 
tation 


ctiosf design. 

oteins In every test, the Champion Ground Grip has proved 
ned Wits superiority . .. proved it by as much as 100% more 
ed af, @flective cleaning, 62% more drawbar pull and 91% 
cha Py longer life. 

from Because the Firestone Champion Ground Grip has 
orta' BS ~been tested and proved on Firestone Farms, it will do 
| & better job on your farm. 

over When you buy a new tractor or replace the tires on 
eer} your present tractor, get the tire that has been proved 
on the farm ... the Firestone Champion Ground Grip. 
ictions Listen to the Voice of Firestone every Monday evening over NBC 


Copyright, 1948, The Firestone Tire & Rubber Co. 
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IHOUSANDS of American farmers look to 

agricultural engineers for advice on building 
permanent farm buildings and improvements. 
This is especially true in these days when it is so 
important to save feed and labor and to increase 
production. 


You will give farmers sound advice if you rec- 
ommend concrete construction for farm struc- 
tures and improvements. There are hundreds of 
places where concrete is the logical construction 
material, but there’s no place where it is more 

“needed than on the farm. Concrete is durable, 
sanitary, decay-proof and ratproof. Its firesafety 

makes it the logical choice for farm use. In addi- 
tion, its lifetime economy—moderate first cost, 
low upkeep and long years of service—make 
concrete a wise investment. 


You can get free illustrated literature that will 
be helpful in designing and building economical, 
firesafe and long-lasting concrete buildings and 
improvements such as poultry houses, fruit stor- 
age plants, dairy barns, hog houses, machine 
sheds, milk houses, and many other profit-making 
farm structures. Distributed only in the United 
States and Canada. 


PORTLAND CEMENT 
ASSOCIATION 


Dept. 2-1, 33 W. Grand Ave., Chicago 10, Illinois 


A national organization to improve and extend the uses 
of portland cement and concrete . . . through scientific 
research and engineering field work 
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A.S.A.E. Meetings Calendar 


February 2— CuicaGo SECTION, Builder's Club, Chicago. 


February 6 and 7 — Paciric Coast SECTION, Yuma Air Base. 
Yuma, Ariz. 


February 12 to 14—SouTHEAST SECTION, Hamilton Hotel. 
Washington, D. C. 


February 14— MICHIGAN AREA SECTION, Ethyl Corporation 
Research Laboratories, 1600 W. Eight Mile Road, Detroit 


March 4— MINNESOTA SECTION, Coffman Memorial Union. 
University of Minnesota, (Minneapolis Campus). 


March 26 and 27 — SoutHWeEST SECTION, Grim Hotel, Texar 
kana, Texas. 


April 29 to May 1— Muissourt SECTION, Hotel Muehlebach, 
Kansas City, Mo. 


June 21 to 24—— ANNUAL MEETING, Multnomah Hotel, Port- 
land, Oregon. 


October 21 and 22 — PaciFic NorRTHWEST SECTION, Columbia 
Gorge Hotel, Hood River, Ore. 


December 13-15 — WINTER MEETING, Stevens Hotel, Chicago, 
Illinois. 


A.S.A.E. Cooperating in Farm Work 
Simplification 

HE Committee on Farm Work Simplification of the American So- 

ciety of Agricultural Engineers, together with a similar committee 
of the American Farm Economic Association, is lending assistance in 
the publication of a manual on farm work simplification, the authors 
of which are Dr. L. M. Vaughan, USDA Extension Service, and Dr. L.S. 
Hardin, agricultural economics department, Purdue University. The 
Purdue Farm Work Simplification Laboratory is also one of the co- 
operators in this project. 

The preparation of the manual was initiated at a conference of the 
two committees at the Purdue University last June, at which time the 
contents of the manual and the mechanics of its publication were worked 
out. The A.S.A.E. committee at a meeting at Chicago in December ap- 
proved the revised contents of the manual and its publication by a 
well-known book publisher. 

A second activity of the A.S.A.E. committee during the past year 
was a survey of the agricultural engineering department of the land- 
grant colleges to determine the amount of their cooperation in farm 
work simplification projects. Replies were received from the depart- 
ments of 12 colleges and are summarized as follows: 

1 The direction of the farm work simplification project and much 
of the work on it were found to be chiefly the responsibility of farm 
management specialists. Agricultural engineers cooperated to the ex- 
tent to which they were in position to make contribution. 

2 Agricultural engineers made a larger contribution to the coopera 
tive work simplification studies than other subject-matter specialists. 

3 Replies from all 12 departments indicated that it is desirable for 
agricultural engineers to have a major part in the project. The, were 
in general agreement that farm management specialists are doing good 


' work in simplifying present jobs, but that engineering techniques are 


needed to develop new equipment, arrangement of structures, anc other 
methods to reduce or eliminate labor. 

4 Replies from several states emphasized the need for studies cover- 
ing commodities or types of farming, and not merely specific jobs. 


5 Nine replies indicated that limitation of department funcs had 
curtailed agricultural engineering participation; all 12 replies men- 
tioned personnel as a limiting factor in participation in the projc-t. 


6 Several states requested that the national leadership of the project 
enlarge the scope of the study to include agricultural engineerin. 


New A-E Building on Way for LSU 


HE latest word is that plans and specifications for a new a: ricul- 

tural engineering building at Louisiana State University ar: now 
in the hands of bidders; bids were to open early this month. 

A recent addition to the agricultural engineering staff of LSU is 
Lawrence E. Creasy, a 1942 graduate of Virginia Polytechnic Institute. 
He was appointed as assistant agricultural engineer in research to 
carry on work in grass and weed control. An opening for another: man 
in farm buildings research will shortly be filled. 
, (Continued on pee 82) 
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sii * = 7 . . : 
The more power a farmer can get out of his tractor, 
the better his investment pays off. Today, eight out of 
ten tractor owners are using gasoline because it delivers 
more power than any other fuel—gives quicker starting, 


faster warm-up, better idling, more dependable operation. 


High compression 

new Minneapolis-Moline ‘‘Visionlined” tractors. The 
plus power of high compression insures efficient, eco- 
nomical operation of the MM line of attachments and 
Special machines like the Bale-O-Matic shown above. 
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Gasoline does its best w 

ally designed for it. The modern high compression engine 
takes full advantage of gasoline—squeezes maximum 
power out of every drop—lets farmers work more acres 
per day, get their work done on time. 


When you recommend high compression, you help the 
farmer do a better job today. With the extra power of 
high compression, you also protect his future as he ex- 
pands operations or adds more of the new labor-saving 
machinery that is now available. Ethyl Corporation. 
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PROVES 


Galvanized (zinc-coateo) Sheets 
Stay Stronger Longer 


en Se : 


7 34 YEARS... Erected in 

1913, and covered with 
heavy gauge galvanized sheets, 
this Tennessee concentrating 
plant of the A/Z Company, pic- 
tured at left, is still in excelleui 
condition after more than three 
decades of service. Painted with 
Gray Metallic Zinc Paint in 1932. 


jy SO YEARS... The galvan- 
ized metal roof on this old 
Missouri farm building has out- 
lasted the building itself, and is 
still in good condition after half a 
century of service. Industry and 
the farm have long depended on 
galvanizing to protect iron and 
‘steel against costly rust. Builders 
know that as long as iron or steel 
is zinc covered, it cannot rust. 


for information about Zinc and how it helps keep 
buildings and equipment stronger longer. 


This “Seal of Quality” is 
your guide tg economy in 
buying galvanized sheets. 
Sheets bearing it carry at 
least 2 oz. Zinc per aq. ft. 


a a 


nc 


FREE BOOKLETS! 


Send me without cost or obligation ; 
the illustrated booklets I have checked. = \\\ 
(CO Repair Manual on Galvanized Roofing and Siding 
(0 Facts about Galvanized Sheets 

C0 Use of Metallic Zinc Paint to Protect Metal Surfaces 


Name. 
Address 
Town. ‘ a ga S 
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NEWS SECTION 


(Continued from page 80) 


Minnesota Section Meeting 


T= annual dinner meeting of the Minnesota Section of the A.S.AF. 
will be held at 6:30 p. m., March 4, in Room 307-9 of the Coffman 
Memorial Union on the Minneapolis campus of the University of Min. 
nesota. The speaker for the occasion will be A.S.A.E. President Geo, 
A. Reitz, whose address is titled “Opportunities for Agricultural Engi- 
neers.”” Reservations for the dinner ($2.00 per plate) should be made by 
Feb. 28 direct with P. W. Manson, Section secretary, Agricultural Engi. 
neering Bldg., University of Minnesota, University Farm, St. Paul. Both 
friends and members of A.S.A.E. are cordially invited to attend. 


Kohler on Mission to Siam 


ARL O. KOHLER, JR., chairman, Pacific Northwest Section, Amer. 
K ican Society of Agricultural Engineers, whose regular job is tha 
of regional engineer ef the U.S. Soil Conservation Service in the Pacific 
Northwest states, left the country December 31 for Siam where he will 
serve for a period of about three months as a member of a mission sent 
by the FAO of the United Nations. 


Oklahoma A-E Department News 


IHREE new staff members and two technicians have recently been 

added to the agricultural engineering staff of Oklahoma A. & M. 
College. These include W. J. Oates, professor in charge of farm ma 
chinery research; C. L. Nelson, associate professor in charge of farm 
structures, and H. M. Haws, Jr., instructor in soil and water conserva- 
tion (both teaching and research). A 40x80-foot structure with com. 
plete shop equipment including a brake dynamometer has been added 
to the department's facilities. 


Personals of A.S.A.E. Members 


John F. Benham recently accepted appointment as sales manager of 
the Dobbins Mfg. Co., Elkhart, Ind., manufacturers of sprayers, dusters, 
drinking fountains, etc. Until his appointment Mr. Benham was serving 
as executive secretary of the National Sprayer and Duster Assn. He 
formerly served on the agricultural extension service staff of Pennsyl- 
vania State College, as agricultural agent of the Pennsylvania Railroad, 
and as agricultural director of the American Feed Trade Assn. 

D. M. Kinch has accepted appointment as assistant professor of 
agricultural engineering at Purdue University, in which capacity he will 
have charge of teaching and research work in the field of power and 
machinery. He previously held a similar position at Iowa State College. 

Edwin F. Wadelton, executive engineer, John Deere-Lindemann (©, 
Yakima, Wash., was one of the winners in the farm machinery classif- 
cation of the welding competition sponsored this year by the James F. 
Lincoln Arc Welding Foundation. He received a cash award of $100.00 
for a paper he submitted comparing welded with riveted construction 
of a towed-type universal tool carrier. 


New Literature 


FirE SAFETY ON THE FARM. Paper, 24 pages, 4x9 inches. Illus- 
trated. National Board of Fire Underwriters (85 John St., New York 
pie ae e 

Concise practical information on the amount of destruction due to 
fires, causes of farm fires, inspection, building construction, home fire 
protection, community fire protection, first aid treatment for scalds and 
burns, and recommended references. 


TRENDS IN INDUSTRIAL RESEARCH AND PATENT PRACTICES. Papet, 
80 pages, 6x814 inches. National Association of Manufacturers (14 
West 49th St., New York 20, New York). 

Results of a survey by industries in 19 groups, with chapters 00 
Industrial Research Summary, Industrial Research in the Various Indus- 
tries, Patents and Products Resulting from Research Activitics, Ea 
ployees Inventions, and Independent or Outside Inventors. Important 
comparative data are tabulated. 


New Federal and State Bulletins 


Evaporation from Water Surfaces in California, subtitled “A Sum- 
mary of Pan Records and Coefficients, 1881-1946,” prepared by Arthur 
A. Young, California Department of Public Works Bulletin No. 54 
(1947). This report is based on investigations conducted cooperatively 
by the Division of Water Resources, California Department of Public 
Works, and the Division of Irrigation and Water Conservation, Soil 
Conservation Service, USDA. 


Biennial Report of the Vermont Public Service Commission (1945- 
46). Section two, pages 14-67, is devoted to rural electrification. 
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sway 


TRADE MARK REG. 


Last year saved me more than 


Yes! Four hundred hours of hard, tiresome, back- plete circle with his Jamesway silage truck and 
breaking chores exchanged for 400 hours of free- feed all his stock. Now he saves 1 to 14% hours a 


dom! That much extra time means real money day, keeps more cattle, and has Jess udder trouble. 
to any dairy farmer. 


says Clarence Carroii 
Milton Junction, Wis. 


eo mE A 


he Four years ago Mr. Carroll built an addition to You, too, can cut chore time and step up profits 

ma- his barn and installed Jamesway equipment. He with Jamesway equipment. See your Jamesway 
fan built a 4-foot aisle, so that he can make one com- dealer. Plan now to modernize your barn. | 
pe | Jamesway equipment in this barn helps Mr. Carroll handle more cows in less time. 


pRget - SORRENTO 


Cit Ele 


ra 


A rar aati ici 


Save up to 30 Sieh sii 
1 p to 50 Save time and 
minutes with C] minutes with feed with 


minutes with ° 
Jamesway water cups. Jamesway litter carrier. Jamesway hog feeders. 


Jamesway feed truck. 


For intormation on the complete line of Jamesway Chore Savers write Dept. A-248 Look for the Store | 


‘ With the Jamesway Sign 
James Manufacturing Company 
FORT ATKINSON, WIS. ELMIRA, N. Y. OAKLAND, CALIF. 
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No. I Choice for Combines, Baling 
Presses, Forage Harvesters, Etc. 


No less than five leading makes of combines 
are powered by this Model VE-4 Wisconsin Air- 
Cooled Engine... equipped with air stack and 
side-mount fuel tank. It is also specified as 
standard equipment by leading manufacturers 
of hay balers, forage harvesters, potato harvesters 
and various types of farm equipment requiring 
extreme compactness of the power unit, relatively 
light weight, and ALL-WEATHER DEPENDABILITY. 


Agricultural engineers are more and more coming 
to recognize the outstanding service value of Wis- 
consin Air-Cooled Engine Power as an integral | 
part of modern farm equipment design. Descrip- 
tive bulletins and engineering data on request. 


» WISCONSIN MOTOR CORPORATION 


— World's” Largest Builders of Heavy-Duty _ Merkeaaled Engines 
(MILWAUKEE 14, WISCONSIN: 


por STANDARD PRODUCTION 
DISC WHEELS AND HUBS 


for 


FARM TRAILERS 
TRACTORS 
CORN PICKERS 
BALERS 

DRILLS 

ETC. 


We are expanding our facilities 
for producing a FULL LINE of 
STANDARD DISC WHEELS 
and HUBS. Already, the prob- 
abilities are that one of our 
standard discs will meet your 
requirements. If so, you can 
AVE on COST and DELIVERY 
TIME — substantial advantages 
MODEL No. 90-45 worth looking into. 


oe ~ on i Items 


ae y HON 
oH AYE is wt ee ty 
AVENPORT 


- Bea 
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Tractors for India 


To THE Epiror: 


AS regular subscribers and readers of your valued journal, Acricu,. 


TURAL ENGINEERING, we desire to convey to you our grateful ac. 
knowledgment and appreciation of the inspiring lead you are giving to 
the whole world on the subject of agricultural engineering. 

You must no doubt be aware that India is at least one hundred 
years behind your country in the application of mechanization and 
scientific methods in agriculture, and it will be a revelation to you that 
some socalled agricultural engineers, appointed recently by the various 
provincial governments, have no conception of the modern tractor, le 
alone the more advanced agricultural machines now being used by your 
people. Not only this, but the government of India had put a virtual 
ban on the imports of all agricultural tractors from abroad, with the 
result that we had to lead-an agitation against this ill-advised polig 
of the government. A press clipping of an article by the undersigned 
on this subject is enclosed herewith for your perusal. Fortunately our 
agitation has now succeeded, and the government of India have, in 
their press note dated December 12, 1947, removed these foolish te. 
strictions. The flood gates are thus open for the unrestricted imports 
of all agricultural machines, including tractors. Our great country now 
looks forward to the American manufacturers to make available to her 
suitable machines and farm equipment to enable this predominantly 
agricultural country to be put on the road to mechanized agriculture. 

Our firm deals in agricultural tractors and machines, and we seek 
to combine business with the advancement of Indian agriculture along 
mechanized lines. For this purpose we propuse to organize an all-India 
movement in favor of mechanized methods in our agriculture. For. 
tunately we have the cooperation of the leading and enlightened agri- 
cultural engineers in this noble work, and we hope to report to you 
the progress we shall be making from time to time. 

There is no doubt that as this movement gains strength, the demand 
for tractors and other modern agricultural machines will increase, and 
we wonder if you can help us by indicating possible sources in your 
country from where these can be readily imported. We consider light 
and medium tractors from 5 to 20 hp most suitable for Indian condi- 
tions, and if you could help us with the names and addresses of the 
manufacturers of tractors of these sizes, we shall be greatly obliged. 

Dwarkapas J. BHATIA. 


Bhatia Corporatioan, Bombay House, 
Jubbulpore C.Ps. India 


Applicants for Membership 


The following is a list of recent applicants for membership in the 
American Society of Agricultural Engineers. Members of the Society ar 
urged to send information relative to applicants for consideration of the 
Council prior to election. 


Anderson, John W.—Experimental engineer, New Holland Machine 
Co., New Holland, Pa. 


Baum, John A.—Student in agricultural engineering, Virginia Poly- 
technic Institute, Blacksburg, Va. (Mail) Box 141, Virginia Tech 
Station. 


Beale, Carl M., Jr.—Student in agricultural engineering, Virginia 
Polytechnic Institute, Blacksburg, Va. (Mail) Box 70, Virginia Tech 
Station. 


Beck, Robert E—dAgricultural counselor, Arkansas Power & Light 
Co. (Mail) Pine Bluff, Ark. 


Bradford, Henry C., Jr—Farm field engineer, Portland Cement 
Assn. (Mail) 1301 Capitol, National Bank Bldg., Austin, Tex. 

Bristow, Gavin C.—Student in agricultural engineering, Virginia 
Polytechnic Institute, Blacksburg, Va. (Mail) Box 99, Virginia Tech 
Station. 

Brock, Harold L.—Chief engineer, tractor section, commercial ve 
hicle dept., Ford Motor Company. (Mail) P. O. Box 53 MB Station, 
Dearborn, Mich. 


Campbell, J. J—General manager, British Columbia Tractor Equip- 
ment, Ltd., 224 Industrial St., Vancouver, B.C., Canada. 


Graham, Andrew L., Jr—Student in agricultural engineering, Vit 
ginia Polytechnic Institute, Blacksburg, Va. (Mail) Box 240, Virginia 
Tech Station. 

Johnson, John H.—Student in agricultural engineering, Virginia 
Polytechnic Institute, Blacksburg, Va. (Mail) Box 794, Virginia Tech 
Station. 

Kenna, James H.—Captain, U. S. Army Air Force. (Mail) 6046 
Ingleside Ave., Chicago 37, Il. 


Lall, Ganesh—Assistant agricultural engineer, agricultural — 
ment, Government of Bihar, Bihar, Patna, India. (Mail) 35/2 
danibag. 


Leonard, John B.—Student in agricultural engineering, Virginia 
Polytechnic Institute, Blacksburg, Va. (Mail) Box 856. 


Markel, John M.—Designing engineer, engineering department, jl 
Case Company. (Mail) Rockford, III. (Continued on page 86) 
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N one of the tales of the ancient 

Greeks, Antaeus, son of Neptune and 
Mother Earth, was invincible so long as 
he was in touch with the earth from 
which he sprang. 

As with many a moral, told in story 
form, this little tale emphasizes the im- 
portance of the soil, of agriculture. Alone 
of all man’s occupations, agriculture cre- 


ates new wealth, Industry only converts 
wealth, 


When a nation’s agriculture prospers, 
80 does its people. Significantly, na- 
tional income, within limits, is almost 
invariably seven times farm income. 


; No small reason in making the Amer- 
ican farmer the most prosperous and 
Productive in the world is farm mechan- 
ization . . . the new tools that have en- 
abled him to cut his labor costs . . . to 
imcrease his yields . . . to release to in- 


dustry the millions of workers that have 
made ours the highest standard of living 
in the world. 


For more than a hundred years Massey- 
Harris has been contributing to this prog- 
ress . . . within the past few years with 
easier-to-handle, more adaptable tractors; 
the Forage Clipper that cuts, chops, and 
loads any hay or silage crop in one opera- 
tion; the Self-Propelled combine that 
saves half a bushel of grain per acre; the 
Self-Propelled corn picker that makes the 
toughest job on the farm say “Uncle.” 


Get acquainted with the Massey-Harris 
dealer near you. Ask him for a copy of 
the 1948 Buyers’ Guide that describes in 
detail the many Massey-Harris tools that 
make possible an easier, better, more 
prosperous farm life. Or, write for a 
copy direct. The Massey-Harris Co., Ra- 
cine, Wisconsin, Dept. 110. 
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PROFESSIONAL DIRECTORY 


Sec TUTTI TIT I LM ULLAL A 


iy sesh 


pallies ‘statements at GEORGE R. SHIER ROBT. J. McCALL 
it z ae Professional Agricultural Engineering Services 


Structures, Ventilation, Drying, Machinery Development 
and Sales Consultation, Engineering Design 


Members A.S.A.E. Room 705, 8 E. Broad St., Columbus 15. Ohio 


— 


FRANK J. ZINK ASSOCIATES 
Agricultural Engineers 
Consultants on product development, designs, research, 
market research, public relations 


-A.E. Suite 4300, Board of Trade Bidg. 
E. Telephone: Harrison 0723 Chicago 4, Illinois 


—_. 


OLSON MANAGEMENT SERVICE 


Drainage and Erosion Control Engineering, Structure Design, 
Farm Architectural Service, Work Simplification Studies, 
Product Application Engineering, Management, Soil Surveys, 


- offices-of Ford Motor C Company orthrough | and Testing. 
Ford | Dealers. : Minas he 904 W. Stephenson St., Freeport, Ill. ' Tel. State 2601 


RATES: Announcements under the heading ‘‘Professional Directory” in 
AGRICULTURAL ENGINEERING will be inserted at the flat rate of 
$1.00 per line per issue; 50 cents per line to A.S.A.E. members. Mini- 
mum charge, four-line basis. Uniform style setup. Copy must be 
received by first of month of publication. 


Applicants for Membership 


(Continued from page 84) 


Mason, Richard M.—Student in agricultural engineering, Virginia 
Polytechnic Institute, Blacksburg, Va. (Mail) Box 965, Virginia Tech 
Station. 


McFadden, E. J.—Agricultural engineering specialist (extension), 
Department of Agriculture and Forests, Khartoum, Anglo-Egyptian, 
Sudan, Africa. 


Menon, R. G.—Assistant research agricultural engineer, Agricultural 
College and Research Institute, Lawley Road Post, Coimbatore, South 
India. 

Moxat, G. C.—Lecturer in agricultural engineering, King’s College, 
Newcastle-upon-Tyne, England. 

Newton, Robert H.—Manager of dealer sales, The Lincoln Electric 
Co., 12818 Coit Rd., Cleveland, Ohio. 


O'Connor, Trelyon W., Jr.—Student in agricultural engineering, , 
Virginia Polytechnic Institute, Blacksburg, Va. (Mail) Box 1035, Vir- 


einen 


En gineered for. 
inia Tech Station. 
Y ft U R 0 r od u ct ge bod te V.—Project engineer, Dearborn Motors Corp. ( Mail) 


. There is a wide variety of 16249 Elizabeth St., Route 7, Birmingham, Mich. 


: : Rhett, Douglas W.—Student in agricultural engineering, Virginia 
pers oo oF gala Polytechnic Institute, Blacksburg, Va. (Mail) Box 1104, Virginia Tech 


Station. 
: ment . ++ One or several asd Smith, Easley §$.—Student in agricultural engineering, Virginia 
be ideally suited to your pro- Polytechnic Institute, Blacksburg, Va. (Mail) Box 835. 
duct. For unusual wheel prob- Smith, Randolph W.—Student in agricultural engineering, Virginia 
lems, we offer you a complete ’ Polytechnic Institute, Blacksburg, Va. (Mail) Box 836, Virginia Tech 
’ S| 
engineering service, with a Station. 
thoroughly exper- Smythers, Horace M.—Student in agricultural engineering, Vrginia 
ienced staff and un- Polytechnic Institute. (Mail) Woodlawn, Va. 
cell 2 Vassar, Basil M.—Student in agricultural engineering, Virginia 
Grice whustecins : Polytechnic Institute, Blacksburg, Va. (Mail) Box 956. 
: rma Zengel, Laird J—Chief engineer, Speed Sprayer Co., Division of 
_ lete info tion. Food Machinery Corp. (Mail) 1312 West Washington St., Orlando, 
Fla. 


TRANSFER OF GRADE 

Esmay, Merle L.—Assistant professor of agricultural engin« ering, 
Iowa State College, Ames, Iowa. (Junior Member to Member) 

Geelan, Charles W.—Agricultural engineer, Soil Conservation Serv- 
ice, USDA. (Mail) San Saba, Texas. (Junior Member to Member) 

Marti, George C.—Member, Constructors Rural de Mexico, S. A. 
Apartado 34, Linares, N.L., Mexico. (Junior Member to Member) 
eS. —_ ; Searls, Dean L—Manager, Adams Electrical Cooperative, Camp 
: ce eat ? Point, Illinois. (Junior Member to Member) 
4 au ; Warner, D. F.—Instructor in agricultural engineering, Ohio State 
00., Qu aise, Mined University, Columbus 10, Ohio. (Junior Member to Member) 
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